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Morgan  A.  Hanson  , Lmrenoe  E.  Barker  , and  Charles  H.  Huiter 


mtroducticn 

This  collection  of  abstracts  is  sqppleoentary  to  the  Bibliography  of 
Statistical  and  Metezological  Methodology  in  Weather  Modification  by  Morgan 
A.  Hanson,  Charles  L.  Badi,  and  Edward  A.  Cooley  Issued  as  Florida  State 
Uiiversity  Department  of  Statistics  Septenfeer  1976.  Moti- 

vation for  the  bibliography  euroee  in  eussociatlcn  vdth  an  Office  of  Naval 
Besearoh  sponsored  contract  in  the  design  and  analysis  of  weather  experi- 
mentation^inder  the  direction  of  Ral{^  A.  Bradley  as  Principal  Investigator. 

The  first  bibliography  covered  the  literature  throuc^  1975.  This  second 


perinants.  The  abstracts  are  arranged  in  alphabetical  ccder  within  year  of 
pdalication.  The  first  two  digits  assigned  to  the  nusberlng  of  the  publi- 
cation indicate  ttiB  year  of  publication;  a following  nunerical  aynbol  refers 
to  a direct  experiment  (section  1) ; a following  alphabetical  asnbol  refers 
to  theory  or  discussion  (section  2) . 
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Each  experiment  has  been  coded  as  follows:  (for  exznple,  14-131-51-74 
means  that  a croBsover  design  was  used  with  air  generated  silver  iodide  as 
the  seeding  agent.  Rain  gauges  were  used  to  measure  the  results,  and  the 


analysis  was  carried  tut  by  t-test) . 

Experimental  Design 

11  TWO  sanple  using  ocntrol 

12  TWO  sample  using  historical  records 

13  TWO  sanple  using  estimate  of  nonnal  rainf^  frcm  meteorological 
paraneters 

14  Crossover  desigi 

15  Single  cloud  seeding 

16  Paired  cloud  seeding 

17  Multiple  cloud  seeding,  with  randonly  selected  tnseeded  clouds 

18  Randcn  seeding  of  ocxxvective  bands 

19  Periodic  seeding 

20  Areal  pattern  recogniticn 

21  Factorial  design 

22  None  given. 

Type  of  Seeding 


I 


31  Silver  iodide 

32  Dry  loe 

33  Hater 

35  Sodiun  iodide 

36  Soditm  chloride 

37  Lead  aerosols 

38  Burning  vegetation;  urban  heat 

39  Gasoline  engine  esdiaust;  industrial  pollution 

40  Mcrpholine,  Ethylandne 

41  Portland  oenent 

42  Amonlun  iodide 

43  Annoniun  nitrate 

44  Urea 

45  Ihloroglucdnol 

46  Not  apedfied 
Beaponae  Variables 

51  Bain  gavges 

52  Stxeen  flows;  reservoir  rwoff 

53  snow  nsasureBoents 

54  loe  oowters 

55  Particle  or  drop  odUectors;  qpectrophotcBeters 

56  Badar  - doud  oansus 

57  Badar  - rainfall/hall/Bnow 

58  Badiosonde 

59  Visual;  photognphs;  photogmnetry;  crcp  danege 

60  Gansral  weather  data 

(iii) 
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61  Cloud  texture 

62  Hzdl  indioatofrs 


71  Ragreesim 

72  Oarr'r.ation 

73  z-test 

74  t-test 

75  Chl-squaze  test 

76  Basest 

77  C(a)  test 

78  Single  ratio  test 

79  Double  ratio  test;  Ocn{xsite  ratio  test 

80  Median  ratio  test 

81  Multivariate  analysis 

82  Analysis  of  varianoe 

83  Aialysls  of  oovarlanoe 

84  Pattern  analysis 

85  Rank  sum  test 

86  Si9i  test;  rank  test 

87  Squared  rank  sun  test 

88  Rank  cmelation 

89  RolaogoLrv^-eadnw  test 

90  None  given. 
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1968 

6813 

12-231-52/53-71 

■ an  ic 

Elliot,  Robert  0.  and  Lang,  Williani  A.  (1968) 


>:ibr7*tir'. 


'^te^rt^wg^>^laM.fi^^atigrl  ^ the  Southern  Siexxas" 


: 


Jwxnal  of  the  l^yttlon  aM  Dlviai»,  PrnoeedttiigB 

of  the  IperioeBi  Society  cf  civil  Hwlne^;  45-59 


"»■'  7, ' 


Bcpeiimental  Design;  Seeding  was  caxxied  out  during  the  vdnter  seapon 
£tm  1950  to  1966,  with  the  test  site  located  in  central  California.  A 
control  area  was  chosen  to  the  west  of  the  target  area.  All  stanss  %«re 
seeded.  Using  historical  data,  a regressicn  equation  was  derived  for 
streen  rvnoff  in  the  target  area  versus  streem  rwoff  in  the  ocxstrol  area. 
This  allowed  ocDpariscn  of  the  ruioff  fran  the  target  area  with  the  theo- 
retical runoff  had  seeding  not  occurred. 


Type  of  fimting:  At  various  times  in  the  project,  1 to  10%  silver  iodide 
in  acefone  burners.  "Pulsed"  seeding  (burners  active  for  4 minutes  out  of 
every  15)  was  used  from  1951-1956. 

Meteorological  Oonditions;  Winter  stonne 

Response  Variables;  Stream  rtnoff , snow  pack  water  ocntent 

Statistical  Techniques;  Regression 

Oonclusiont  The  historical  relationship  between  the  target  and  control 
areas  wa^^anged  in  such  a way  as  to  indicate  that  seeding  had  increased 
streanflow  8.5%.  ^he  prcbability  that  this  result  was  due  to  chance  has 
been  caloulated  to  be  3%. 

1972 

7218 

11-131-56-90 


Siapecn,  Joanne,  Woodley,  Williaro  L. , and  White,  Robert  M.  (1972) 


"Joint  Federal  - State  Qsnulus  Seeding  Program  for  Mitigation  of  1971 
South  Florida  Drou^" 


Bulletin  of  the  Anerican  Meteorolcxiicad  Society;  334-344 


Experimental  Design  - The  target  area  was  Scxithem  Florida,  ooitering  on 
Lake  Okeechobee.  BandoncLzed  days  were  chosen  for  seeding.  Agricultural 
ocnoems  and  NCAA*  s hurrlsane  program  caused  the  esqperiment  to  be  of  short 
duration.  Near  the  end  of  the  experiment,  the  severity  of  the  drought  and 
aoocBpanying  fires  cmused  the  abandonment  of  ocntrol  clouds. 


(1) 
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I I 


: Silver  Iodide,  released  from  a D06  at  20,000  feet. 


Metaeorologloed  Oonditicns:  CXnulGniiribuB  clomte  were  chosen  for  seeding,  in 
hopes  that  they  would  merge  into  one  large  cloud. 

Reapcnse  Variab^st  Radar,  spaoe  integration  of  an  isohyetal  pattern  known 
to  Be  associated  ^th  a ooodod  cloud. 

Statistical  Techniques;  Scattergram 

OcncT«.»ion:  Dynamic  Seeding  can  provide  local  drouc^  laLtigation  in  Florida, 
but  its  real  efficacy  remains  to  be  established. 
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1976 

761 

15-132-55/57-71 

Akimov,  NJM. , \tolkov,  A.D. , and  Leskcv,  B.N.  (1976) 

"Investigation  of  Ice  crystals  and  DynamLcs  of  crystallization  Zone 
at  Modification  of  Frontal  Clouds" 

2nd  MO  Scientific  Ocnferenoe  on  Weather  Modification.  99-103 

Experim^tal  Design:  Clouds  were  randomly  ohoeai  for  seeding  during  the 
winter  in  the  area  of  Kiev,  USSR.  The  ndcxostructural  oharacberistics 
of  both  clouds  and  precipitation  were  studied. 

Type  of  Seeding:  Solid  00^,  released  from  an  aircraft. 

Meteorological  Conditions:  Winter  stonns.  | 

Re^cn^  Variables:  Aijdxme  photoelectric  counter  to  measure  ice  ] 

cr^^  oonoentration,  radar.  | 

Statistical  Ttechnlcruest  Regression  analysis,  vtere  both  waximzn  and  mean  I 

[ ioe  crystal  ocnoentcaticn  are  treated  as  d^endent  variables  and  time  as  j 

the  independent  variable.  Crystal  she^  is  considered  by  regressing  1 

crystal  width  on  crystal  base. 

O^lyicns;  Ice  crystals  that  foon  naturally  differ  in  shape  &om  those  | 

that  farmTas  a result  of  seeding.  Hhe  oonoentraticn  of  ixs  crystals  in  \ 

a cloud  clinbs  rapidly  after  seeding  and  then  falls  off  slowly. 

762  ’ 

11-331-59-85/87  j 

! 

Baughman,  Robert  G.,  Fuquay,  Donald  M.  and  MieUce,  Faul  W.  Jr.  (1976)  | 

"Statistical  Analyses  of  a Randomized  Id^Ttning  Modification  Bqpeziment"  I 

JAM,  35,  pp.  790-794 


(2) 


E>q3eriinent£LL  Design;  A single  target  autea  was  used  in  this  experiment 
in  western  Montana.  Tlie  e:^)eriiTental  unit  was  defined  as  a unit  of  ^laoe 
and  time  that  limited  operaticns  and  observations  to  events  that  occurred 
within  a specified  target  area  between  noon  and  nddni^it  ^BT.  Qnoe  tlie 
treatment  of  an  (^)erational  day  was  assigned  from  a table  of  landom  nunbers, 
the  next  day  reoeived  the  opposite  treatment. 


lype  of  Seeding t 
eaplcyed.  ^ 


Both  groundrbased  and  aixbccne  Ag  1 generators  were 

jf'.:  . » • * * ‘ 

- > •••  - r.  : 


Kateorologioal  Ccnditiys;  The  declaration  of  an  operational  day  depended  on 
a U.S.  Weather  Bureau  forecast  of  a 30%  chance  of  thunderstorm  oocurxenoe 
in  the  vicinity  of  the  target  area. 

Rispon^  Variables;  Cloud-to-Ground  (OG)  flash  frequency.  Intracloud  (IC) 
flash  frequency,  TOtcil  flash  frequency  (CX3  + IC  + indeterminate  flashes 
per  storm  ) , Duration  of  Li^rtning  Activity  (time  fran  first  bo  last 
flash  per  storm) , Li^tning  intensity  (ratio  of  total  flash  frequency 
to  duration  of  li^tning  activity) . Maxistuti  nurber  of  OG,  IC,  and  total 
flashes  for  any  ccntinuous  5 and  15  minute  period  within  each  storm.  Return 
stroke  frequen^  (nunher  of  return  strokes  for  discrete  and  h^irid  fladies) 
Betum  stroke  interval  (time  interval  from  first  to  last  return  stroke  for 
discrete  and  hybrid  lightning  in  itdlliseoonds) . Continuing  current  interval 
of  long^^mtinuing  current  (LOG)  flashes. 

Statistica).  Technique;  Parametric  estimation  based  on  log-normal  estimation 
and  two  ncn-parametric  tests  (2-sanple  tie-adjusted  Wilooxcn  and  2-sanple 
tie-an^usted  sum-of-squared  ranks  test) . 

Ocnclusion:  Insults  indicate  I seeding  of  mountain  thunderstorms  reduces 
the  frequency  of  li^itning  and  edters  several  lightning  characteristics. 
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11-331-57-90 
Bicndini,  Pcnald  (1976) 

"Seme  Patterns  of  Ihference  in  the  Florida  Cumulus  E>q)eriment" 

2nd  WiyD  Scientific  Conference  on  WSather  Modification:  160-164 

Experimental  Design:  An  area  in  South  Florida  was  chosen  for  e:9)eri- 
mentatioru  ibindemization  was  done  over  d^s. 

Type  of  Seeding:  Ag  I,  both  airborne  and  fran  fusees 

Meteorological  Conditions:  Clouds  witdi  top  tenperatures  near  -10 °C. 

Response  Variables:  Radar  ebservations  of  rainfall  and  of  cloud  motion. 

Statistical  Techniques:  Estimation  of  p.d.f. 's  of  rainfedl,  both  seeded 
and  nonseeded. 

Ccnclusions;  De^  were  s^>arated  into  days  of  greater  cloud  motion  and 
lesser  cloud  motion.  Motion  categories  are  stronger  in  their  effects 
than  seeding,  so  it  is  concluded  that  weather  modification  experiments 
slioulJ  take  cloud  motion  into  account. 

(3) 


11-331-51-89 

j • — ^ , 

BrcMn,  Keith/  Elliot,  Robeilt  £>. , and  Ihonpeon,  John  (1976) 

A ■ 

"Seeding  Gon\^ective  Bands  in  Winter  StDons  and  the  Observed  large  SczQe 
Effects" 

2nd  VtO  Scientific  Gcnferenoe  on  Weather  Modification:  465-472 

Bcperinien^  De^gn:  Convective  bands  enbedded  in  cyclonic  stcmns  were 
tne  ejfjerimental  unit,  since  most  winter  rain  in  the  experimental  area 
(Santa  Barbara,  Ca.)  is  prcduoed  by  these  bands.  Bands  were  xendObly 
dxseen  for  seeding.  Fran  1967-71,  seeding  was  pyrotechnic.  Ftcn  70-74, 
seeding  vies  from  an  aircraft. 

Type  of  Seed^:  Ag  I 

Meteorological  Conditions:  Winter  stormB 

Response  Variahlsg:  A dense  network  of  rain  gauges 

Statistical  Techniqvie:  WilxxKcn  test 

Ocnclusions:  It  is  claimed  that  the  data  shows  a precipitation  increase 
on  the  on^er  of  50  to  100%  within  bands  and  25  to  50%  for  the  totsd. 
after  seeding.  The  increased  rainfall  extended  approodmately  120  km.  down- 
wind from  the  seeding  source,  well  beyond  the  target  area.  Convective 
told  to  widen  and  slow  down  after  seeding. 
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14-231-57/59-90 

Changncn,  Stanley  and  Morgan,  Griff itii  (1976) 

"Design  of  Hail  Svppressicn  Eiperiment  for  the  Central  United  States" 

2nd  WD  Scientific  Conference  on  Weather  Modification:  257-264 

Experimented.  Design:  Cne  sanpling  instrvBnent  per  square  is  to  be 

placed  in  an  eu?ea  100  miles^  or  larger.  Raingauges  are  to  be  plaoed 
every  9 square  miles.  A 24  hour  tira  period  is  ohoeen  to  be  the  ex- 
perimental tnit.  Seeding  will  be  randomized,  with  1/3  seeded  at  cloud 
base,  1/3  seeded  at  mid-cloud,  and  1/3  not  seeded. 

Type  of  Sprdinq:  Pyrotechnic  Ag  I 

Meteoroloqic^  Ccndi^gy:  Clouds  that  exceed  35  dbz  above  the  freezing 
level  in  qpring  (or  39  dbz  above  the  freezing  level  in  sixtmer  - fall)  and 
which  have  tops  growing  at  1000  ft/tadn. 

Response  Vari^les : Hailstone  size  distribution,  hail  day  frequency, 
steam  echo  charact^istlcs,  and  aroomt  of  crop  - hail  loss 


Statistical  Techniques:  Whidi  statistical  techniques  to  be  used  were  not 
specified. 


Oonclusiona;  ihe  e3q)eriiiient  wafi  only  planned  vihen  the  piqper  vms  presented, 
and  had  noET)^  carried  out. 


767  ' ••  ■ - ■ ■ 

U-231-55-90 

Ocxjper,  WHlian  A.  and  Saunders,  Clive  P.R.  (1976) 

"Microphysical  Cbserva^'^ons  in  San  Jiian  Stonns" 

2nd  VMO  Scientific  Conference  on  Weather  Modification t 93-98 

Eageriment^  D^qn;  12  winter  stonns  were  chosen  at  random  for  stu^, 
SOTO  seeded  and  others  unseeded.  Flints  were  made  through  the  stozm 
clouds,  and  data  gathered. 

Tjfpe  of  Seeding;  Ground  ^released  Ag  I. 

Meteorological  Condi tions;  Winter  snow  storms. 

Reycnse  Vari^les;  Cloud  liquid  water  content,  ice  crystal  oonoentiation 
and  ice  nuclei  si^. 

Stattistical  Techniques;  None 

Conrlu^OM;  Stable  clouds  are  unseedable,  vrfd.le  oonvectl\«  clouds  are 
potentially  seedable.  The  topography  of  a region,  to  a large  extent, 
determines  the  region's  suitability  for  cloud  seeding. 
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14-131-51-90 

Dennis,  A.S.,  Hirsch,  J.H.  and  Chang,  L.P.  (1976)  ^ 

"The  Role  of  Low-Level  Convergence  in  Controlling  Convective  Rainfall 
and  its  Possible  Modification  by  Seeding" 

2nd  VMO  Scientific  Conference  on  Weather  Modification:  49-54 

Btpyimen^  Desicpi:  The  experiment  discussed  in  the  paper  was  a 
randomized  czoes-^^  design.  Seeded  days  are  divided  into  chcwer  days 
(ndthout  positive  vorticity  advection)  and  storm  days  (with  positive 
vorticlty  advection) . The  rainfall  on  the  two  types  of  days  was 
oospared. 

Type  of  Sccidingt  Ag  1 

MBteorDlogjoal  Conditiais;  Days  were  selected  for  seeding  cn  a basis  of 
moisture  ato  wind  oonditicns. 

Ragpcnse  Variables:  Rain  gau^s. 


(5) 


Statistical  techniques;  Monte  Carlo  stuc^  of  results. 


Qgylusiy ; llie  effect  of  seeding  vgas  positive  on  shower  dc^s.  Tte 
effect  of  seeding  was  inoonclusix^  or  negative  on  storm  days. 
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11-236-51-90 


Fbutnier  d'Albe«  E.I4.  and  Aleman,  P.M.  (1976) 

"A  Large  Scale  Cloud  Seeding  Experiment  in  the  Rio  ttasas  Catdinent  Area, 
Mexico" 

2nd  VMO  Scientific  Ocnferenoe  on  Weather  Modification:  143^150 

Byerimental  Design;  Days  for  seeding  were  chosen  randomly,  independently 
or  weather  and  ocnditions,  Die  ei^eriinent  lasted  76  days,  with  each 

day  having  probability  2/3  of  being  seeded.  The  target  cunea  was  the 
Rio  Nazas  Catchnait  region,  with  the  control  region  being  to  the 
west  of  this  region. 

Type  of  Seeding;  Na  Cl,  di^)ensed  from  insecticide  dusting  machines. 

Meteor^ogical  Oyditions ; Warm  Clouds,  due  to  time  of  eaq^eriment. 
Otherwise,  variedr 

Response  VaudaJoles;  Rain  gauges 

Statistical  Techniques ; "Rainfall  indices"  are  calculated  by  a oonplicated 
procedure  which  is  supposed  to  measure  an  area's  rainfall  over  a ^lecific 
period,  ocnpared  to  its  overall  rcdnfedl.  The  authors  assume  a log-narmal 
distribution  for  rainfall,  and  ocnpaze  rainfall  indices  beised  on  this 
assuiption.  The  ^lecific  type  of  test  performed  is  not  named. 

Oonclusiys;  There  was  "significantly"  less  rainfall  cn  seeded  days.  The 
authors  describe  the  result  as  "puzzling”,  since  there  is  no  theoretical 
basis  for  suspecting  seeding  decreases  rainfall. 


7610 

11-46-51/57-76/85 

Gagin,  J.  and  Netnann,  J.  (1976) 

"The  Second  Israeli  Cloud  Seeding  Eiqierinient  - The  Effect  of  Seeding 
on  Varying  Cloud  Pc^ulaticns" 

2nd  WMD  Scientific  Conference  on  Weather  Modification:  195-204 


(6) 


♦ 


E:q«runmtal  Design;  The  e^^periment  was  of  the  cxoes-over  rmicinized 

iiie  esqjerliSit  was  canried  out  in  the  catchnent  of  Lake  Tibedas, 

5 A day  that  was  randcmly  dween  to  be  seeded  was  ocxnted  as 

seeded,  even  if  no  seeding  oocwned  for  lack  of  clouds.  ii!«noy<wnpn»«i 
unit  was  24  hours, 

' J j 

Type  of  Seedinqr:  Unspecified 

Meteorolociioal  Conditions;  Varied 

Reaponse  Veudcbles;  Rain  gauges,  rwA<r 

Statistical  TfechniguBs:  F test,  WHocoocn  test 

Onnclusicns:  The  overall  increase  in  rainfall  in  days  over 

ron-seeded  days  was  1570,  and  significant  at  the  0.9%  level  (F-test) . 

The  WilcxKcn  test  shewed  a lower  leuel  of  significanoe.  The  greatest  in- 
crease in  rainfall  wos  at  the  border  of  the  two  e9^)eriinental  regions. 


15/11-246-57/59-90 

Gaivorenski,  1. 1.,  Gronova,  T.N.,  Zinin,  B.I.,  Lobodin,  T.V., 

Ni]candrc(v,  V.Ja.,  Ttorepova,  N.V.,  and  Shishkin,  N.S.  (1976) 

"The  E}5)eri.Ttisnts  cn  Th'jnder  - Cloud  Modification  to  Reduce  Their 
Activity" 

2nd  WtD  Scientific  Cenferenoe  on  Weather  Modification:  421-424 

Eyeriaental  Design;  -Rnti-Hail  "Cloud"  type  rockets  containing  3.1  kg. 
of  icjB  generating  reagent  were  fired  into  thunder  clouds.  A seed^ 
seed  decision  was  made  randoRily,  with  individuad  thunder  as  the 

experi^ent^ll  unit.  Northern  Moldavia  was  the  esqjerimental  site. 

Type  of  Seeding;  Rocket  borne  icje  generating  reagent,  unidentified. 

Meteorological  Conditions;  ThunderstomB 

Raigonse  V^^les;  radar,  visual  chservations,  th\iiderBtQnn  indicators 
(to  cxxnt  lic^itning  discharges.) 

Statistical  Ttechniques;  None 

Ooncliasicns ; The  eiqperiinent  indicated  that  this  type  of  seeding  caused  the 
percentage  of  cloud  to  gromd  lic^ning  discharges  to  decrease  and  the 
percentage  of  interval  li^ttning  discharges  to  increase.  The  inodificstlon 
was  by  an  {^parent  factor  of  two. 


(7) 
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Hides#  Janes  R 


*Glaciatia\  cf 


l.  and  Vteinstein^.  ^JC,.  <1976) 

,3V  r-i\  H_  r Jv'- 

. va'.  .r_  i.'  J---  -t  r 
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2nd  fto  Scientific  Oohi^baKje 'bn  Heertlier  Modifioaticn;  389-396 

BqperimBntad  Design;  lau  pxessuxe  stean  was  used  to  generate  fog  in 
a cold  cloud  chanf^.  Ganpzessed  air  was  vented  into  the  chastier  ^ 
nozzles  having  dianeters  of  1.016  nm.  and  1.524  imP.  iat  pressures' of  1.8, 
3.1,  4.1,  5.1  and  6.1  atm. 

-irb:vi  ' _ 

Type  of  Seeding;  Ccn{3ressed  air 

4 

Meteorologioal  Oonditiens;  Artificial  superoooled  fog  at  pressures  of 
1.8  atm.  and  4.1  atm. 

Regxnse  Variables;  loe  crystal  oonoentraticn 


(IzicliMicns;  Sifieroooled  fog  can  be  diapersed  by  oonpressed  air,  but 
the  ocniiressed  air  system  is  exp&naive  to  operate. 
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U-46-51-85/72 
HcMell,  Wallaoe  E.  (1976) 

"Cn  Rainfall  Downwind  frem  the  Santa  Catalina  Mouitains  Seeding  ficperiinents" 

2nd  ViMO  Scientific  Oonferenoe  on  Weather  Modification:  457-464 

Bgieriment^  Desiy  t The  Santa  Catalina  ea¥)eriinent  v»s  carried  out  near 
Tucscn,  Arizona,  £ring  the  Sumer  of  1957-1964.  Experimental  days  were 
selected  in  pairs  with  no  more  than  one  non-e:f)eriinental  day  between  them. 

A 50-50  randomized  dedsicn  was  made  to  seed  the  first  of  the  padr,  with 
the  second  day  receiving  the  opposite  treatment.  As  the  title  suggests, 
this  paper  is  a study  of  rainfall  downwind  of  the  target  area,  oonducted 
apart  from  ^le  primary  experiment. 

Type  of  Seeding;  l>iq»cified 

MeteorolxMic^  Conations;  Sumner  days  tiiat  exceeded  a cqpedfied  tiireahold 
pirecipitable  moisture." 


Variables:  Rain  gauges 


i:  WllooDoon  Test,  oorrelatlon  ooefficient. 


Oondusiens;  The  author  concludes  that  the  possibility  of  a substantial 
next  day-ai^ber-temorrow  increase  of  75%  was  found,  but  was  not  significant. 
The  speculates  that  seeding  iid.tiates  or  assists  some  natural  process 

ttvat  becomes  anpllfied  over  time. 


1 


j 


f "An  Operational  Rain  Stimulation  Esq^eriment  Using  Warm  Teohnique  Over 

f Rihand  Catchment  in  Northeast  India  During  Sutmer  Monsoons  of  1973  and  1974"  t 

[ - 

I 2nd  WMO  Scientific  Conference  on  Weather  Modification:  15-20  j 

[ Experimental  Design:  A region  of  area  13,000  km  in  Northeastern  India  j 

vrais  chosen  for  cloud  seeding.  TVro  adjacent  regions  of  equcd  area,  one  to  j 

the  west  of  the  target  area  and  one  to  the  east  were  used  as  controls.  Ih  • 

the  first  yecu:  of  the  experiment,  seeding  was  conducted  on  aill  seedable 
d£^  vdien  flying  was  possible.  In  the  second  year,  every  fifth  seedable 
day  was  left  unseeded.  { 

i 

Type  of  Seeding;  Sodium  chloride  and  soapstone  in  a ratio  of  10:1,  j 

di^)ensed  from  an  aircraft.  ■ 

Msteorological  Caxiitions;  If  3 of  the  following  criteria  were  satisfied,  | 

the  day  was  considered  seedable.  | 

(i)  3 octa  or  more  of  cumulus  clouds  ^ 

(ii)  winds  stear^  ^ | 

(iii)  dew  point  not  exceeding  5*  at  700nto  i 

(iv)  low  clouds  over  the  test  region  | 

Response  Variables;  Rain  gauges  ! 

j 

Stotistical  Techniques;  MKNA,  rainfall  correlation  ooeffioents  between 
the  target  area  and  the  controls.  ; 

Oonclvisicn ; I3ie  data  showed  that  reiinfall  in  the  target  area  increased  ■ 

duiring  the  period  of  seeding  iqjward  of  16%.  The  results  were  not 
statistically  significant,  etltiioug^  the  authors  do  not  state  vdiat 
significance  level  was  chosen. 
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Kapoor,  R.K. , Paul,  S.K. , Mukherjee,  B.K. , Sharma,  S.K. , 
and  Murty,  Bh.V.R.  (1976) 

"Frequency  of  Occurrence  of  Seedable  Clouds  Based  on  Msasurement  of  Droplet 
i^jectra" 

2nd  VMO  Scientific  Conference  on  weather  Modification:  7-14  i 

j 

Experiment^  Design ; Droplet  size  distributions  were  measured  using  a 
spilng  loaded  sampler  and  magnesiun  oxide  coated  slides  throuc^  the  window 
of  an  aircreift.  The  vadue  of  static  stability  was  evciluated  for  all  the 
regions  for  the  days  with  rich  and  deficient  cbnud  microstructure.  The 
esqieriraent  v;a8  carried  out  in  Bonhay,  Poona,  &r,d  Rihad,  India. 

I 


r ' 
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11-136-51-82/72 

Kapoor,  R.K.,  Krishna,  K.,  Chatterjee,  R.M.,  Murty,  A.S.R.,  Sharma,  S.K. , 
and  Ramana  (1976) 


Type  of  Seeding:  Ncne 


Meteoirologlcal  Oydlticne:  Monsoon  in  Bonbsy,  nBritime  clouds  in  Pcxna^ 
inland  on  oontiniaita}|  clxauds  at  Rihad. 

^ » 

Begxaiae  Variables;  Droplet  sanples  t nagnesiun  oodde  film,  radiosonds 
data.  X I 

Statistical  ItechniquBs:  Mann-Whitney  test. 

Oonclusion:  Mean  static  stadsility  did  not  differ  significantly  for 
these  xe^xns  between  days  of  rldi  and  deficient  ndcxostructure. 
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11-231-51/58-85/87 

Keyes,  C.G. , Jc. , and  Hackett,  F.  (1976) 

"Ocnpaxison  of  JOnez  iteicdysis  Euent  Results  to  Seedable  Unit  Results" 

2nd  VMO  Scientific  Oonferenoe  on  Weather  Modification:  187-194 

Bgerimen-^  Desiy;  The  e:qperixnent  was  carried  out  in  Northezn  New 
M^oo.  The  seedaEIe  unit  was  a 24  hour  tine  period.  A rardoniized 
seed/no  seed  decision  was  made  with  probability  .5  of  seeding. 

Type  of  Seeding:  Ground  based  Ag  I. 

Response  Variables:  radiosondes,  rain  gauges. 

Meteor^OTic^  (Jonditions;  Winter  stonns  that  had  produced  .01  indies  or 
more  of  liquid  water  were  the  only  storms  considered. 

Statis^ceil  Tteohniques : Wilccocon  test,  squared  rank  test  (both  were  used, 
only  the  Wilooocon  test  was  discussed) . 

Conclusions : The  data  suggests  the  existence  of  a "tenperature  window", 
outside  vihich  seeding  has  little  effect  on  orogr^ihic  snow  stonns. 


7617 

22-46-57-71/74/76 

Klazura,  Gerard,  and  Schroeder,  Melvin  J.  (1976) 

"Development  of  Prediction  Variables  of  Areal  Precipitation  Characteristics" 

2nd  VIO  Scientific  Oonferenoe  on  Weather  Modification:  173-180 

Eyerlmaital  Desim ; Digital  radar  data  collected  as  part  of  the  Bureau 
of  Reclamations  Plains  Cooperative  Program  were  ooUected  and 
analyzed,  cnly  non-seeded  clouds  were  considered. 


(10) 


bn-I 

'lype  of  Seedirw;  None 
Meteorological  Ocndlticns;  None  given. 

Re^xaiae  VegiabJes;  Radrr  readings,  rawinecndes. 

Statistical  techniques;  Least-squares  regression  - dependent  variables 
are  total  voluae  'exoeeding  10  dBZ  reflectivitY,  naxinun  re£lec±ivity,  and 
maxiinum  echo  height.  There  are  many  dependent  variables.  Ih  testing  the 
hyp^.esis  that  tl'.e  caxrelation  between  the  dependent  and  ind^andent 
variables  is  zero,  both  the  t and  F tests  were  used. 

Ocn^u^cns;  The  oorrelation  coefficient  between  dependent  and  independent 
variables  vras  .64  with  only  three  dependait  variables,  including  precdpitable 
vater  (surface  to  050  irb)  md  lifted  index  (100  irb  lar^,  nean  mixing 
I ratio,  adiabatic.)  2k!ding  all  variables  raised  it  to  .79. 
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11-136-55-90 

Krishna,  K. , Khemani,  L.T. , Kanuga,  K.K. , Mukherjee,  B.K. , Sheuma,  S.K. , 
Mcroin,  G.A. , and  I^lurty,  Bh.V.F  (1976) 

"An  Experimental  Stu^  of  Medixxn  Scale  Diffusion  at  Cloud  Base  Level” 

2nd  f3>D  Scientific  Oonferencse  on  f'Jeather  Modification:  529-537 

r 

Experimental  Docign;  A 'seeding  agent'  was  released  from  a DC  3 aircraft, 
an  in  a seeding  operation.  Lnnediately  beferoe  release  of  the  plime,  aesoeol 
saitples  v.rre  collected  at  di.fferent  levels  v^ere  sanples  of  the  diffusing 
plvtne  were  eiq:err!-ed  to  be  collected.  After  the  plune  was  released,  tlie 
aircraft  flew  doicnward  and  collected  sanples.  The  eiperiment  was  repeated 
for  3 consccutit’e  days  between  Kedgaon  & Parner,  Ihdia. 

Type  of  Seeding:  Na  d snd  so^tone,  in  a ratio  of  10:1. 

Metstyolcgical  Conditions:  Clear  weather  on  two  of  the  experimental  days, 
thunderstorms  cn  the  thijjd. 

Response  Vririables:  Ciocade  Inpactor 

Statistical  Techniques:  None 

Ocnclusions;  The  diffusion  of  the  plunes  did  rxTt  oenfonn  to  anticipated 
patterns.  The  nunber  of  trials  in  this  study  is  small,  and  more  data 
is  required  to  draw  firm  conclusions. 
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11-131-55-89/75/76/74 


Long,  Alexis,  Ctewn,  Edwin,  and  Huggins,  Arlen  (1976) 


"Analysis  of  the  Hailfall  during  1972-74  in  the  Nationed.  Hail  Research 
Experiment" 


(11) 


2nd  MO  Scientific  Ocnfexenoe  cn  Weather  Modificaticn:  265-272 


ayrlnental  ; The  esqpexiinent  was  carried  out  in  northeast 

OoioradoJ  "Hail  days"  were  chosen,  and  a randondzed  seed/ho  seed  dedsion 
was  made,  with  50-50  distribution. 

Type  of  Seeding;  Ag  I bearing  rockets,  fired  vertically  from  aircraft. 

Meteorological  Oonditions;  StooiB  with  reflectivities  greater  than  35 
cK: 

Regxiise  VariabXest  Hail/min  separators. 

Statistical  Ttecfanigues;  Kolraogorov-Stadmov  test,  chi-square  test,  F test, 
t-test. 

C3Qiyd.uBiTOi  The  data  was  analyzed  separately  under  the  assuiptlon  that 
hailfaVl  has  a lognormal  or  gemma  distribution.  Althou^  seeded 
days  produced  60-80%  less  hail,  a 90%  confidence  interval  (under  both 
assuned  distributions)  showed  no  significant  difference.  Nothing  leas 
extreme  than  a 50%  sipptession  to  500%  enhanoeroent  can  be  excluded. 
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U-231-?^0 

ttecwitz,  John  D.  (1976) 

"Dynamical  Prooesaes  in  San  JUan  StomiB" 

2nd  MdD  Scientific  Gcnferenoe  on  Weather  Modification;  85-92 

Rqperimaital  Desiqit  TTaxvsport,  diffusion,  and  cloud  physics  data  were 
gathered  ower  Elk  wSuntain  and  the  Medicine  Bow  Mountains  in  Wyoming,  for 
ocnparlson  to  similar  data  gathered  in  the  "statistically  designed" 

Djpptt  OoloradD  River  Cloud  Seeding  Project. 

Type  of  Seeding;  Ground  released  Ag  I. 

Msterplogical  Oonditions;  Gold  orographic  clouds  were  chosen  for  seeding. 

Response  Variable;  "Reliable  and  rather  ocnplete  cloud  physics  inr 
sirunentation  padoige",  rawinsende  data. 

Statistical  techniques;  None 

Conclusion;  The  primary  role  of  embedded  ocnvection  is  to  transport  oold, 
dense  air  toward,  allotdng  warm  moist  edx  to  be  advected,  thereby  invig- 
orating oonvection.  Thus,  the  chances  of  successful  seeding  are  increased 
vhen  esbedded  ocnvection  is  present. 


(12) 
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12-131-57/59-90 

Mather,  G.K. , Cooper,  L.V7. , and  Treddenick,  D.S.  (1976) 


"The  Nel^>ruit  Hed.1  Sc^jpresslon  Program" 

2nd  V#D  Scientific  Conference  on  Weather  Modification 

I Experinttntal  Design;  Seeding  vtas  carried  out  vdienever  stonns  appeared 

i neu:  Nelspruit,  Republic  of  South  Africa.  Historical  data  for  the  same 

\ area  vias  used  as  a control. 

> ■ 

I TVpe  of  Seeding;  Seeding  was  of  the  aerial  type,  with  silver  iodide  as 

the  seeding  material 

MeteoroixjyiceLl  Conditions;  Cloud  top  heic^its  exceeding  12  km. , maxiirum 
reflectivities  greater  thin  45  dbz. 

Response  Varieties;  Radar,  crop  damage  data. 

Statisticzd.  ^techniques;  Construction  of  histograms. 

Conclusions;  As  this  was  not  a designed  experiment,  conclusions  are 
tentative.  Hail  fall  has  lessened,  according  to  the  paper,  in  seeded  years, 
I by  24%.  Conpared  to  historical  data  and  assvndng  heillfedl  has  a 6 distri- 

bution, the  difference  is  significant  at  the  .025  level. 
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12-131-59-89/85/86 

Miller,  J.R.,  Dennis,  A.S.,  Schwaller,  R.L. , and  Wang,  S.L.  (1976) 

"Evaluation  of  a State-Wide  Operational  Weather  Modification  Program 
Using  Crcp-4Iail  Insurance  Data" 


2nd  ViX>  Scientific  Conference  on  ^leather  liodiflcation;  287-294 


Type  of  Seeding;  Ag  1 


Meteorological  Conditions;  Varied 

Response  Variables;  Crop/loss  from  hail  fall. 

Statistical  Techniques ; Construction  of  histograms.  To  compare  seeded 
counties  with  non-seeded  counties,  the  Kolmogorov-Smirov  test  and  the 
Wllcoxon  tests  were  used.  To  compare  seeded  years  with  non-seeded  years, 
the  sign  test  was  used. 

Conclusions ; Seeded  counties  had  less  hail  damage  than  non-seeded,  and 
seeded  years  had  less  than  non-seeded.  However,  in  neither  case  was  the 
difference  significant.  A 7%  advantage  in  rainfall  was  observed  in  seeded 
counties  over  non-seeded. 
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22-31-AgI-89/87/ 

Mulvey,  Gerald  J.  and  Grant,  Lewis  0.  (1976) 

"A  Physical  Mechanism  of  Extra  Area  Effects  from  the  Climax  Orographic  Cold 
Cloud  Seeding  Experiment" 

2nd  WHO  Scientific  Conference  on  Weather  Modification:  473-479 

It  is  hypothesized  that  the  physical  mechanism  by  which  ice  crystals 
are  transported  and  interact  with  clouds  downwind  of  a seeding  project 
involves  a combination  of  downwind  wave  motion,  particle  sedimentation, 
mixing  associated  with  downwind  convective  cells,  and  a subsequent  change 
in  cloud  microphysics.  To  test  this  hypothesis,  freshly  fallen  snow 
177-200  km.  downwind  of  the  Climax  seeding  project  was  collected  and 
analyzed  by  flameless  atomic  absorption  for  trace  silver. 

Type  of  Seeding;  Ag  1 

Meteorological  Conditions ; Orographic  cold  clouds. 

Response  Variables;  Tests  for  trace  Ag 

Statistioa j Techniques ; Kolmogorov-Smimov  test,  R^^  power  rank  test, 
maximum  likelihood  ratio  test  for  a 3-parameter  Kc^pa  distribution. 

Conclusions:  The  difference  in  seeded  and  non-seeded  sample  sets  is  sig- 
nificant  at” the  0.59  level.  While  more  documentation  is  needed,  the  ob- 
sez^tions  support  the  hypothesized  mechanisms  of  transport  and  microphysical 
processes. 
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11-237-62-85/89 

NOftez*,  J.h.  aaid  S^teeifichi,  M.I.  (1976) 

An  Outline  £6  the  Natjfitwil'  ^tell ~ SuBpre^lcn  Progrro  in  ]te9entijia" 

* . *r 

2nd  VMD  Scientific  Ocnfezenoe  cn  Weather  Mcxiificaticn:  229-236 

aperinental  Des^;  An  agricultural  region  of  the  Argentinian  Province 
of  ftextaza  was  choaen  for  the  ejqjeriitent.  Oontrol  regions  were  chosen 
surrouiding  the  test  area  cn  the  North,  South,  and  west.  Seeding  was 
zandoRiized  over  days  in  which  hail  was  predicted. 

Type  of  Seeding;  Pyrotechnic  Pb  I2 

^teMi^ogical  Conditions;  Days  fron  October  to  Marxdi  in  which  hail  is 

te^onse  Variables;  Radar  and  visual  observation  of  hailfall,  the  amoint 
of  damage  done  by  the  hail. 

Statistical  Techniques;  Wilooscon  and  Kohnogorov-Staiznov  tests. 

Opnclusicn;  The  experinent  was  still  in  progress  at  the  tine  the  p«rf>r 
was  presented,  so  the  results  are  naturally  ixxmclusive. 
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11-7-53-71 
Plooster,  M.N  (1976) 


"Orographic  aicwf2dl  Prediction  with  a Nuterlcal  Model" 

2nd  WD  Scientific  Oonferenoe  on  I4eather  Modification:  131-134 


Type  of  Seeding;  Uiq)ecified 


MetMrolfigtf^aT  Conditions; 
or  falling. 


Seeding  was  carried  out  when  snow  was  forecast 


Neqpcnrc  Variables;  Sncw  gauges,  rawinscndes,  microphysical  properties 


Statistical  Techniques;  Regression. 

A model  for  predicting  orographic  snowfall  was  devised,  in 
field^udies  of  the  esqperiment,  the  coefficient  of  correlation 
betw^  model  and  observation  is  0.862.  ihe  model  uses  both  reteorological 
oondltions  and  geographic  conditions  as  independent  variables. 
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7626 


r 


Sand,  W.R.,  Halvocson,  J.L.,  and  I^le,  T.G.  (1976) 

"Turbulenoe  Measuranents  Inside  Ihmdezstanns  Used  to  Determine  Dlf 
Characteristics  for  Cloud  Seeding" 

2nd  VMO  Scientific  Conference  tn  Vleather  Modificaticn:  539-545 

agperiment^  Des^;  An  armored  T-28  aircraft  Was  Used  to  prdbe  the 
interior  of  thuiderstorms  in  northeast  Oolarado  for  a period  of  several 
years.  Bie  turbulent  energy  dissj^tion  rate  was  dferived  fran  fluctuations 
in  true  air  speed.  Seeding  was  carried  out  both  at  cloud  base  and  at 
cloud  top,  to  ooRpare  diffusion. 

of  Seeding;  Unspecified 

Meteorological  Conditions!  Tbrnderstorms 

Response  Variables;  Air  ^leed  of  particles  of  seeding  material. 

Statistical  Tecfanigues;  None 

Conclusions;  The  seeded  volune  per  unit  time  is  1.5  x lO^mVsec.  for 

cloud  based  seeding,  and  7.1  x lO^mVaec.  for  cloud  top  seeding.  Ohis 

oonpares  to  a normal  air  flow  through  the  cloud  of  lO^mVsec.  Then  only 
about  1.5%  of  the  air  passing  through  a thunderstorm  is  actually  being 
aanded  using  the  ccmncn  clcxri  base  seeding  techniques,  and  0.7%  using 
the  cloud  top  technique. 
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11-231-51-90 


Sax,  Robert  I.  (1976) 


"Micrcphyslcal  Response  of  Florida  Qimili  to  Ag  I Seeding" 

2nd  WO  Scientific  Ocnferenoe  on  Weather  Modification:  109-116 


Randomized  block  design,  with  days  being  the  blocks. 
Cloud  suitability  was  based  on  visual  eppearanoe,  vertical  velocity,  1 1«rild 
water  content  and  ice  particle  concentration  of  clouds.  Floating  target 


Type  of  Seeding;  Ag  I,  pyrotechnics. 

Meteorologioal  Oonditicns;  Sipercooled  cunulve  towejrs  were  chosen  for 
seeding. 


gauges  within  the  target  areas.  A DC-6  air  craft 
eqpiipped  with  foil  inpactor,  particle  i^iectrcmeter,  lyman-alpha  water  probe, 
etc.  was  used  for  In-cloud  roeasureBoents. 

(16) 
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t 


Qe^lUBionsi  Seeding  can  increase  the  quantity  of  loe  in  a cukuIub  cloud 
if  the  cicud  is  seeded  while  it  is  still  growiiig.  Howen^,  seeding  towers 
of  insufficient  tddth  hastens  their  demise. 
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11-46-59-85 

Vaidiman,  larry,  and  Hartzell,  CUrtis  (1976) 

"Seeding  Effects  cn  Ice  Crystal  Characteristics  in  the  Oolorado  River 
Basin  Pilot  Project" 

2nd  WD  Scientific  Conference  on  Weather  Modification:  103-108 

E>qaer±nent^  Design;  Winter  stoms  were  divided  into  3 hour  blocks, 
bate  fran  ioe  nucleus  oowters  upwind  from  the  target  area  were  used  to 
determine  if  any  particular  blocks  should  or  should  not  be  needed. 

Type  of  Seeding;  Not  givai 

MBteatoloqical  Ocn^tims;  Winter  orogrE^ihic  clouds.  Since  the  aeed/no 
seed  decision  was  based  on  ioe  nucleus  oounter  data,  the  seed  set  may  differ 
neteooDologically  from  the  no-seed  set. 

Response  Variables;  Ihotographic  ioe  crystal  replicator. 

Statistical  Techniques;  Wilooxon  two-sanple  test. 

Oonclusicns;  Seeding  increases  crystal  concentration  and  precipitation. 
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15-133/139-57/59-90 

VUlfson,  N.I.,  Gaivorondki,  1. 1.,  Zatsepina,  L.P. , Zinin,  B.I. , Levin,  L.M., 
and  Seregin,  YU.  A.  (1976) 

"Destruction  of  Convective  Clouds  Dynamic  Method" 

2nd  WD  Scientific  Conference  on  Weather  Modification;  413-420 

Experii^tal  Design;  Downdrafts  were  created  in  cumulus  clouds  by  the 
following  nethods : (a)  release  of  a certain  mass  of  rouc^y  diqiersive 

powder  of  water  spray  (b)  horizonal  flight  of  an  airplane  (c)  gas  jet 
or  (d)  charge  e9q>loslons  of  antihail  shells  without  the  ioe-farming 
rezigent.  This  prooess  was  applied  to  several  hmdred  clouSs.  The  results 
were  observed  visually  or  with  radar.  The  experiment  was  ocnsidered 
suooessful  if  the  cloud  dispersed  25%  or  more. 

Type  of  Seeding;  As  above 

Meteorological  Conditions;  Clouds  developing  due  to  themal  ocnvection 
or  under  the  inflisnoe  of  fronts. 


(17) 


ss^  Radar,  visual  cbeervaticn. 


Statistical  Tbchniques;  Ntme 

Hfetijne  of  modified  clouds  was  shortened 
^ was  less  sucoessful  cn  clouds  of 

7630 

11-131-57/55-76/74 
!‘Jiflniewaki,  Joe  (1976) 

"Variability  of  Rainwater  Silver  Ooncentratlon  in  South  Floflfla" 

stucty  reported  in  this  paper  was  a subprogram 
^ Experiment.  Clouds  iTSe  test  WwS^ 

collection  scoop,  a continuous  aerosol 
SnSSv  instruments  was  flown  through  the  cloud 

^ saitpling  from  a cloud  from  its  beginning  to  its 
immedrately  frozen,  bo  prevent  abeorbtion  of 
analyzed  hy  means  of  a Bericins-Elmer  403  flaieless  atonic 
sbsotpLion  specLropimtrmpt-^^r. 

Type  of  Seedincr;  Ag  1 

^teteaEologlcal  Conditions;  Interiors  of  clouds. 

Response  Variables;  Radar,  tests  for  trace  Ag 
Statistical  Techniques;  P-test,  t-best 

ftnclgdorg;  Bie  mean  seeded  silver  concentrations  and  their  variances  were 
sig^cantly  (Pa  = .038  for  t-best,  .005  for  P-best)  larger  than  the  non- 
%eded  sanples.  Ihere  seems  to  be  no  persist^ioe  of  silver  for  a day 
following  an  initial  seed  day.  i.v«.  a 
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11-331-57/51-74/85/76/83 

Sot5^(1976^)  ^ Joanne,  Biondini,  Ronald,  and  Sanbataro, 

1^0***W75"^^^'*^^  Ej^jeriment  - Main  Rainfall  Results 

2nd  WMD  Scientific  Conference  cn  Weather  Modification:  151-158 

Bgennen^  Des;^;  A fixed  target  area  was  chosen,  and  seeding  was 
randomized  over  days. 

of  Seeding:  Ag  I,  from  ground  launched  flares  and  edrcraft. 
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Ijslearol^lc’.-ii]  Oanditions:  Hard,  vigocous  cloiriB  with  top  tenperatuzes 
near  -10  C.  t 

Kespcnse  Varicdsles;  Reidar,  adjusted  by  rain  gaxiges. 

Statistical  Itedmix^ues:  T test,  applied  to  raw  data  and  tzansforroed  (4th  zcx>t) 
data,  VliloQxon  test,  F test,  Welch  test,  anedysis  of  oovarianoe. 

Ocnclusicns:  Echo  notion  is  a significant  covariate  in  eiocoixiting  f(^ 
rain  variability. 

Tentative  conclusions  are: 

(1)  positive  significant  treatment  effect. 

(2)  Seeding  increasing  varianoe  significantly. 


1977 
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Woodley,  William  L. , Sinpscn,  Joanne,  Biondini,  Rcnald  and  Berkeley,  Joyce, 
1977 

"Rainfall  Results,  1970—75:  Florida  Area  Cunulus  E^qperiment" 

Sdenoe,  195,  pp  735-742 

Bqperimental  Dedgn : In  FACE,  a randcni  e}q«rinental  design  is  used  %diich 
involves  randonizatTon  of  days  over  a single  target  area  into  seed  and 
noseed  days  over  a single  target  area  into  seed  and  noseed  days,  vdth  . 
noseed  days  as  the  control.  The  esqerinent  is  carried  out  in  a 1.3  x 10^ 
square  kilometer  area  in  south  Florida. 

Type  of  Seeding:  Aircraft  dropping  silver  iodide  flares. 

Meteorologiced  Ccn  '^lticns;  Siitmertime  cuiulus. 

Response  Variables  t lO-centineter  radar 

Statistical  Analyses:  Oovariate  analyses 

Conclusions;  An^’lysis  without  the  boiefit  of  data  stratification  and 
cppropriabe  corvariate  of  the  48  randan  e:q»riinentaticn  days  obtained 
through  1975  provided  no  evidence  that  dynamic  seeding  appreciably 
altered  the  zidnfall  over  the  fixed  target  area.  Partitioning  of  the 
experimental  days  was  more  informative.  Discussion  of  oovariates  (echo 
motion)  and  meteorological  predictors  is  given. 
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SECnCN  2 

ABSTOflCas  CF  THBC»ETIC2ttj  LnERHTURE  i4®  DISCUSSION  OF  EXPERMNTS 


1960 

60C 

Elliot,  Robert  D.  (1960) 

"Seeding  of  West  Coast  Winter  StontB" 

Journal  of  tlie  Irrimtion  and  Drainage  Division,  Prooeedinqs 
of  the  Anerican  Society  of  Civil  Qiqinei^  45-59 

Hero  we  have  a detailed  ocnsj  deration  of  the  mechanics  of  a winter 
cloud  seeding  cperaticn.  The  structure  of  a manually  operated  silver 
gaaeratot  is  discussed,  ala^  with  the  pi^lenis  of  using  such  a system  in 
seeding  winter  storms.  Similar  consideration  is  given  to  radio  oontrx>lled 
generators. 

Studies  of  the  dispersal  of  silver  iodide  smoke,  vising  zinc  and  oadndvin 
sulfide  fluorescent  particles,  are  discussed.  Schematic  diagrams  for  the 
possible  travel  of  nucleating  smoke  after  release  fran  a gromd  bcised 
generator  are  given. 

Ocnsidera^on  is  given  to  such  topics  as  atmospheric  motion  and  natural 
nuclei  and  their  effect  weather  modification. 

For  the  evaluation  of  cloud  seeing,  it  is,reccninended  that  a onptTtjl 
area  near  Uiia  tab^^  ah^  be  chosen,''  and  a regr^ssiiai  eqcBrtdjOh ‘derived. ^^'Tt'' 
will  then  be  possible  to  "hindcast"  vAiat  tlie  rainfall  in  the  target  area 
would  have  been  had  there  been  no  seeding. 

It  is  noted  that  10-15%  increase  in  snowfall  are  considered  eccncmically 
benefi cri al , over  and  above  the  oost  of  seeding.  This  is  the  degree  of  en- 
hancement associated  with  seeding  winter  storms,  making  such  cperators  eco- 
nomically feasible. 


600 

Hcwell,  Wallace  E.  (1960) 

"Seeding  of  doud.*;  in  Tropical  Climates” 

JCTirneJ.  of  the  Irrigation  and  Drainage  Divisim,  Procpiwdings 
of  the  Aterican  Society  of  Civil  Engineers;  349-371 

A synopsis  of  major  tropical  cloud  seeding  e«periments  (1948-1958) 
is  given,  including  ccnmercial  operations.  It  is  noted  that  in  most  of 
these  projects,  including  the  possibly  biased  oannercial  ones,  the  rqxsrbed 
percentage  increase  of  rainfall  is  near  25%. 

The  results  of  warm  cloud  seeding  agree  with  current  theories  of 
precipitation  formation  in  tropical  clouds,  but  the  results  for  cold-cloud 
seeding  do  not.  Consequently,  a new  model  of  convective  cloud  fields  is 
proposed.  This  model,  vhich  describes  cloud  growth  in  terms  of  the  evxAiiu- 
laticn  of  precipitaticn  particles,  is  in  agreement  with  cbservation. 
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64^ 

Schleusener,  Richard  A.  (1964) 

"Weather  Mcxiificaticn" 

Jcmn^  of  tte  Hydrauli^  Division,  Prooe«»dings  of  the 
Anericah. Society  of  Civil  Bmqineers;  57-95 

An  overview  of  research  activities  in  weather  modification  (1999-1963) 
is  ^ven,  vrith  sumnaries  of  the  methods  and  results  of  selected  ejqieriments. 
Citing  these  experiments  as  support,  it  is  claimed  that  the  enhanoanent  of 
precipitation  seeding  has,  under  certain  conditions,  been  established. 

It  is  recognized  that  seeding,  under  certain  conditions,  may  result  in  a 
decrease  of  rainfall. 

At  the  time  of  this  article,  the  "carry-over"  effect  of  seeding  had 
just  been  (^covered.  Aooordingly,  it  is  suggested  that  weather  modifi- 
cation projects  begin  with  concentrated  seeding,  to  ei^ianoe  this  overall 
effectiveness. 


1970 

70D 

Braham,  Bosooe  R.,  Jr.,  and  John  A.  Flueok,  (1970) 

"Some  Results  of  the  Whitelop  Experiment" 

2nd  Nciticnal  Oonferenoe  cn  Weather  Modification:  176-179 

The  edm  of  this  contribution  was  to  provide  an  ip-to-date  (1970) 
svmnary  of  the  authors  continuing  stu^  of  data  measured  on  Project 
Whitetop. 

Topics  discussed  are  the  "over-all"  or  "net"  effect,  effects  in 
portioned  data,  unoontroUed  factors,  and  long  range  seeding  effects. 

TVk)  general  conclusions  are  presented  plus  four  other  results  are 
discussed  in  view  of  the  insi^it  gained  from  concurrent  stuc^  of  pre- 
cipitation mechanisms. 


70E 

Chagnon,  Stanley  A.,  Jr.,  (1970) 

"Design  Factors  of  a Hail  Svppression  Ei^ieriment  in  Illinois" 

2nd  National  Oonferenoe  cn  Weather  Modification:  150-155 

The  author  discixsses  vhat  would  be  the  best,  or  optiirun,  design 
for  a meaningful  hail  suppression  experiment  in  Illinois.  Design  factors 
he  considers  are:  statistical  design,  the  geographical  location  of 
the  stu^  area,  size  of  the  area,  shape  of  the  area,  type  of  surfeKse  hail 
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data  to  be  collected,  density  of  point  observations,  collection  of  allied 
weather  data,  seeding  consideraticns,  hail  forecasting  methods,  monitoring 
of  hail  aloft,  duration  of  the  project,  end  methods  for  d^^uating  the 
results. 

Certain  of  the  design  results  are  applicable  to  experim^tation  in 
other  hail  climates,  and  an  ^jplication  of  the  Illinois  results  to  the 
design  of  hail  st^^pression  in  ItcLly  is  described  in  this  paper. 


70F 

anith,  E.J.,  (1970) 

"Cloud  Seeding  vd.th  Pyroteciinics  in  Australia" 

2nd  National  Ccnfierenoe  on  Meather  Modification:  186-189 

This  paper  describes  es^riments  in  which  pyrotechnic  cartridges 
were  fired  into  large  cumulus  clouds  in  Australia.  The  objective  was 
to  make  preliminary  ctoservations  of  events  foUonring  seeding.  Statistical 
eveduaticn  was  not  attenpted  at  this  stage. 

Results  suggested  that  meteorological  conditions  in  this  part  of 
Australia  are  suitable  for  cloud  seeding  with  pyrotechnics  and  further 
investigations  were  justified. 


1971 

71G 

Lovasich,  Jeanne  L. , Neyman,  Jerzy,  Scott,  Elizabeth,  and  Wells,  Marcia  A. 

"Further  Studies  of  the  Whibetop  doud-Seeding  Ejqperiment" 

Pmoeedlngs  of  the  National  Academy  of  Scienoes,  Vol.  68,  Mo.  1,  pp  147-151, 

Jan.lTyf 

The  Whibetop  experiment  covered  five  svxrmers,  with  tne  target  area  being 
near  West  Plains,  Missouri.  The  test  area  was  divided  into  concentric 
circles  about  the  seeding  site,  and  rainfall  within  the  circles  were  com- 
pared. All  areas  shewed  large  decreases  in  rainfall,  with  significant  proba- 
bilities of  less  than  .03. 

This  stuty  stratifies  the  data  based  on  two  categories,  wind  direction, 
and  air  mass  vs.  frontal.  For  west  wind  and  frontal  days,  no  significant 
effects  were  found.  For  east  wind  and  air-mass  days,  significant  decreases 
in  rainfall  (tp  to  75%)  were  recorded  up  to  180  miles  away. 

By  taking  only  wet  days  into  account,  the  ^parent  negative  effect 
beocmes  only  mildly  significant. 
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Batten,  Louis  J.  (1972) 

"Cloud  Seeding  and  RainmoJcing" 

Statistics;  A Guide  to  the  Iftjgxawn;  354-361,  Holden-^>ay  Inc.,  San  Fxancisoo. 

A brief  history  of  the  deuelopnent  of  cloud  seeding  is  given.  The 
prcbleins  that  aooonpai^  the  design  and  interpretation  of  a weather  modi- 
fication es^^erim^t  are  dircussed. 

Grafdis  of  August  rainfall  in  inches  for  two  large  versus  years 

(1930-1968)  are  displ^sd,  moking  obvious  the  difficulties  in  determining 
vrtiether  rainfall  variation  is  due  to  seeding  or  natural  variation.  The 
.. ; use  of  regression  to  overccnte  these  difficulties  is  ocnsidered,  while 
noting  that  regression  lines  for  different  periods  of  may  differ, 
ll®*iting  the  usefulness  of  this  method.  The  use  of  the  crossover  design 
is  also  discussed. 

It  is  concluded  that  the  time  effectiveness  of  weather 
techniques  is  as  yet  ts^JoKMn,  end  further  esgserimentation  is  needed. 
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Drosssler,  Earl  G.  (1972) 

"Weather  Modification,  Review  and  Perspective" 

Bulletin  of  the  American  Meteorological  Society;  345-348 

The  autlior  advocates  weather  modification  procedures  (%4hich  he 
prefers  to  call  "wsatl'ier  manageitient")  being  carried  out  cn  a regular 
and  large  scale  beisie.  In  the  view  of  the  author,  the  effectiveness  of 
such  procedures  as  precipitation  enhancement  and  fog  dispersal  have 
been  established,  and  resources  should  not  be  diverted  to  further 
e9q)eriinentation.  Nationed  and  intematicnal  aspec:ts  of  such  a program 
are  ocnsidered. 
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Julian,  Paul  R.  and  Murphy,  Allan  H.  (1972) 

"Probability  and  Statistics  in  Meteorology:  A Review  of  Some  Recent  Oevelopnents" 

Bullstin  of  the  American  Meteorological  Society;  957-965 

Developments  in  six  areas  of  statistical  meteorology  axe  described. 

The  areas  are: 

(1)  Stochastic  - dynamic  prediction, 

(2)  assimilaticn  of  observed  data, 

(3)  time-series  analysis, 

(4)  statlstlcrcil  weather  fcaecasting, 

(5)  probchility  forecasting,  and 

(6)  precipitation  modification  statistics. 

(23) 


In  ^ ^ latter,  and  the  ptcblane  inherent 

in  the  design  of  weather  toodifioaticn  experUnents  ate  discuSedT^  >«ieient 

. t •*  i . . . '-} 
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Miller,  Robert  G.  (1972) 
'Mhe  Probability  of  Rain" 


Stat^aUcs;  A guide  to  the  unknown;  372-384,  Holden-ftv  Inc.,  San  Etancisoo 

descxiptlm  of  the  use  of  discrlininant  analysis  in  weather 
foreoasttog  is  gi^/  ajrf  a siaplified  exanple  is  worked  out.  Mace  ooipU- 

nentioned,  including  those  that  allow 
PTBaictoTB  «d  thcae  that  qrttaMi- 
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73C 


Battan,  Louis  J.  (1973) 

"Survey  of  Weather  IkxiiflcatlGn  in  the  Soviet  Uiicn:  1973" 

ftilletin  of  the  Anerican  Meteorological  Society;  1019-1030 

A nevi^  of  abstracts  of  articles  dealing  with  Soviet  weather  nodifl- 
ratim  acti^dj^  IS  given.  The  major  portion  of  Soviet  efforts  are  <tevoted 
to  hail  eaqaerimentation,  althou^  effort  is  also  directed  toward  fog  dis- 
posal, Jjghtnong  svppressicn,  and  other  related  efforts.  Plans  to  carry 
^u^we^^^mo^oatfon  procedures  over  large  weather  ^sterns  were  apparently 
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Bujkov,  M.  V.  and  KOrsienko,  E.  E.  (1973) 

"Methods  of  Estimating  Physical  and  Econonlc  Effectiveness  of  Weather 


WD/lAMP  Scientific  Oonferenoe  on  Weather  Modification;  421-430 


Onnsi  deration  is  given  to  the  cost  of  having  a sanple  size  large  enou^ 

^ ® specified  tests  when  applisd  to 

vreatiw  modification  eiperiments.  The  techniques  of  game  theory  are 

balancing  gain  (information)  and  loss  (ejpense 
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Changncn,  Stanley  A.,  Jr.  (1973) 

"A  Review  of  Methods  to  Evaluate  Piecdpitation  Modification  in  Moorth 
Antezica" 

ViP/latiP  Scientific  Conference  on  Weather  Modification;  397-422 

A brief  history  of  the.  deatgn  of  weather  modifi^  eMperibsnts  . 

is  given.  { Vhxious  designs  (eg.  .taxget-oonti:6lV‘  crbsa-oMer  rendcn;iiz^/ , 
one  azea  ocntiiiuous)  ' are  ccnpared,  and  advSiitages' and  (disadvantages^  . ..v 
of  each  one  discussed.  Methods  of  evaluation  of  a weather  modification 
i experiment,  such  as  radar,  raingages,  stream  runoff,  etc. , are  likewise 

ccnpared.  Attention  is  given  to  the  cost  of  each  method. 

It  is  concluded  that  the  most  serious  obstacles  to  detecting 
[ seeding  effects  are  natural  variability  and  the  hi^  cost  of  e}^)erimentatlon. 
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Chagnon,  Stanley  A. , Jr.  (1973) 

"Weather  Modification  in  1972:  or  Dcwn? 

\ 

Bulletin  of  the  Anerican  Mebeorologioal  Society;  642-646 

Here  we  have  a study  of  the  major  weather  modification  projects,  both 
operations  and  research,  carried  out  in  1972.  Major  findings  of  the  year 
are  discussed,  alcng  with  problems  and  ocntroversies.  It  is  noted  that 
oonoems  ehout  the  overzLll  effect  of  weather  modification  on  the  environ- 
ment first  became  prominent  in  1972. 


73G 

Deirjeiguin,  B.  V.,  Grlgorenko,  I.  N. , Erslov,  V.  A.,  Zolotarev,  I.  A., 
Kur^,  Yu.  S.,  Leonov,  L.  F. , Maliksov,  B.  A.,  Prokhorov,  P.  S., 
Fedoseev,  V.  A.,  Shaglij,  E.  I.,  Shustov,  V.  A.  and  Kudrltsij,  S.  B. 
(1973) 

"Prcblems  of  Radiation  Fog  Prevention” 

V#P/I»g  Scientific  Oonferenoe  on  Weather  Modification;  29-33 

The  methods  of  radiation  fog  prevention  vhloh  axe  based  on  heat 
transfer  or  utilization  of  hygroso^c  substances  are  expensive  to  put 
into  practice.  An  alternative  method,  artlflcally  reducing  the  conr 
densatlon  activity  of  nuclei  ly  coating  them  with  monolayers  to  reduce 
adsorption  rate,  is  discussed  here.  The  effect  of  adsocption  of  cetyl 
eOcohol  vapor  on  the  condensation  of  water  drops  is  considered. 


(25) 


73H 


Haas»  J.  Eugene  (1973) 

"Social  Aspects  of  Weatiier  Modification" 


BuUetin  of  the  Anerican  Meteorological  Society,  647-657 

A stu^  is  made  of  public  reaction  to  vgeatlier  modification  pro- 
oowres,  boto  pro  and  con.  Public  reaction  to  unusual  weatheo:  oocurrenoes 
tnat  ooincide  with  wtaather  modification  ptrooedings  - such  as  flacdi  flooding 
w drou^t  - as  considered.  Ihe  lack  of  public  oiapositicn  to  weather 
modification  is  attributed  in  part  to  the  lack  of  a forun  for  effectively 
ea^acessing  disapproval.  ^ 
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Hershfield,  David  M.  (1973) 

"Oi  the  PicbablLLty  of  Extreme  Rainfall  Events" 

fttllfitin  of  the  Anerican  Meteorologioal  Society;  1013-1018 

feveral  distributions  (such  as  double  e)q)onential,  log  nomal,  nd 
gamna)  are  considered  as  possible  models  for  outlines  in  neteorological 
d^.  Element^  probabilistic  considerations  are  applied  to  detarndne 
the  relationship  betwem  risk  of  oocurrenoe  of  extreme  events  (e.g.  floods) 
and  their  return  period. 


73J 

Biff,  F.  A.  and  Changon,  S.  A. , Jr.  (1973) 

"Rjedpitation  Modification  by  Major  Urban  Areas" 

ftlUetin  of  the  Anerican  Meteoroloqioal  Societ  ; 1220-1232 

Historical  records  foom  ei^it  urban  areeis  of  varying  size  and  climate 

were  studied  for  indications  of  inadvertent  weather  modification.  It  was 
that  verm  seasonal  rainfall  had  increased  9-17%  from  1955-1970,  vdLth 
tile  increase  arising  from  enhancement  (as  opposed  to  initiation)  of  moderate 
to  hean^  rain  da/s.  It  is  suggested  that  this  ehhanoonent  is  related  to 
city  size  and  industrial  nuclei  generation.  Evidenoe  is  found  that  the 
mechanisms  of  inadvertent  weather  modification  in  wet  and  dry  years  differ. 
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Jiasto,  James  E.  (1973) 


■Seeai,^  Itequlr^nt  for  Glodaticn  or  stimolatia.  of  a Mi»d  B>«  clooi' 

(26) 
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VP/IAMP  Scientific  CXnferenoe  on  Weather  Modificaticn;  169-178 


Ih  1968  the  author  found  an  equation  whic^  oan  be  used  to  estimate 
the  nurber  of  nuclei  neoessary  to  rzipidly  glaciate  a styeronoled  cloud.  In 
this  paper,  the  estimate  is  refined  to  alloM  for  particular  crystal  types 
and  for  several  pressure  levels,  implications  of  the  estimate  for  cloud 
modification  are  discussed. 


73L 

Kachurin,  L.  G. , Artenyeva,  N.  D. , Rartsivadze,  A.  I.,  Stoganov,  S. 
and  Otekle,  N.  (1973) 

"Simulation  of  the  Natural  Process  of  Hail  Formation  and  its  nransformation 
Ihder  the  Influence  of  Artificial  Qystallization* 

ViO/IAMP  Scientific  Conference  on  Weather  Modification;  231-237 

A system  of  19  non-linear  first-order  differential  equations 
and  29  cQjgdsraic  equations  to  model  convection  crystalization,  etc. 
within  hail  cells  was  derived  and  solved.  According  to  this  model, 
hEdl  growth  is  extremely  sensitive  to  tenperature  and  wind.  The  model 
shows  that  ocnpetition  for  moistvre  between  hail  enbryoes  and  artificially 
foxned  ioe  crystals  does  not  take  place,  so  the  effect  of  hedl  suppression 
lies  elseiidiere,  in  the  reduction  of  the  layer  of  intensive  crystallj 

zation,  for  exatple. 


73M 

Kacharin,  L.G. , Medaliev,  H.H.  and  Keuitiov,  N.I.  (1973) 

"Cn  the  Possibility  of  Thunderstorm  St^pzession  by  Changing  the  Non- 
Equilibrium  Crystcdlization  Potentials  of  Cloud  Water" 

ViMD/IflMP  Scientific  Conferenoe  on  Weather  Modification;  275-281 

Chauracteristics  of  li^tning  radiation  fields  are  studied.  By 
means  of  these  fields , the  development  of  a thunderstorm  ney  be  broken 
down  into  three  segments,  distinguished  by  spectral  distributions  of 
radiation  field  density,  in  terms  of  duration  and  frequency  of  pulse 
parcel  radiation.  It  is  found  that  it  is  easier  to  intensify  a storm 
than  reduce  it. 


73N 

lansford,  Henry  (1973) 

"weather  Modification:  the  Public  Will  Decide" 

Bulletin  of  the  Anerican  Meteorological  SodLetyt  658-660 


Inis  pe^r  is  a stiidy  of  the  political  iirpact  of  weather  modification. 
By  dramong  historical  aralogies  vdth  the  SST,  the  author  ocxicludes  that  the 
continuation  of  v^ther  modification  pzocadures  is  cjontingent  on  public 
acceptance.  Ihe  author  makes  suggestions  on  how  practicing  weat^ieiii.iAi\ail^/ 
modifiers  can  make  their  operations  more  palatable  to  the  general  public. 


MKhnik,  V.M.  and  Djaihak,  V.A.  (1973) 


"Seme  Questions  of  Ihunderstom  Lightning  Control" 


Scaentific  Conferenca  on  Vteather  Modificaticans  283-288 


Consideration  is  given  to  various  theories  cxxicaming  the  fesrmation 
of  thunder  storms,  and  discr^ancies  between  these  theories  and  cheerved 
facts  are  noted.  Historical  reextrds  of  thunderstorms  are  examined  to 
attenpt  to  find  a link  between  atitospheric  pollution  and  the  thunderstonns. 
No  such  link  is  found. 


Pea.  M.  M. , and  Roulleau,  M.  (1973) 

"Preparation  and  Properties  of  'Pore'  Silver  Ic3dide  Asroeol" 

Scientific  Conference  on  I'Jeather  Modification:  485-498 


This  paper  is  a discassicn  of  the  preparation  of  Silver  Icxii^  ^ 
that  is  relatively  free  from  iirpurities.  Such  iitpurities  can  intefeid- 
with  its  properties  as  an  ioe  nucleant.  Ihe  size  of  the  particles  of 
Silver  Icsdide  aerosols  are  eilso  discussed.  The  paper  includes 
diagrams  explaining  the  workings  of  equipment  used  in  the  manufacture 
of  Pg  I. 


Scott,  William  D.  (1973) 

"The  Acquisition  of  Information  During  Attenpts  at  Weather  Modification 
i4P  Scientific  Ccnfer<^oe  on  Weather  Modification;  353-362 


A series  of  suggestions  for  the  design  of  weather  modification 
experiments  is  made,  along  with  cxnments  on  measuring  and  instxnxnentaticn 
Problems  of  trying  to  issure  that  ernes  sanple  cxxitains  sufficient 
information  are  discassed. 


Stalevick,  D.  D. , Uchevatklna,  T.  S. , and  Shishkin,  N.  S.  (1973) 

"Theoretical  Research  Into  Artificial  Stixnulation  of  Precipitation  for 
Fic^iting  Forest  Fires"  • > j,  :. 

Scientific  Gonferenoe  on  Weather  Modification:  91-94 


TWO  questions  are  considered  - vhat  is  the  optinal  e^qienditure  of  seeding 
eigent,  and  at  vhat  distance  should  clouds  be  seeded  to  vuae  artificial 
precipitation  as  a means  of  extinguishing  forest  fires.  Oonputer  simulations 
v«re  used  to  produce  noroograms  of  precipitation  vs.  amount  of  seeding  agent  and 
precipitation  falling  on  fire  vs.  distarxe  from  point  of  seeding. 


Stout,  Glen  E.  (1973) 


"Eoonomic  A^iects  of  Precipitation  Aucpentation  Over  the  Great  lakes" 
MM3/IAMP  Scientific  Ocnferenoe  on  Weather  Modification;  431-447 

This  paper  assumes  that  it  is  technically  feasible  to  increase 
rainfall  over  the  Great  Lakes  by  from  10  to  30%,  ther^  recycling 
evaporated  water.  The  ocnsequanoes  of  doing  so  are  the  topic  of  the  paper. 
Jtacng  items  considered  are  hydrologic  factors,  eccncmic  benefits  and 
disadvantages  of  increased  water  level  in  the  lakes,  and  the  influence  on 
outflowing  rivers.  Historical  data  is  used  in  estimating  the  dollar  gain 
of  increased  water  levels  (from  shipping,  hydroelectric  power,  etc.)  and  the 
dollar  loss  in  terms  of  shore  property.  Based  on  cost  estimates  of 
professional  seeders,  the  author  concludes  such  a project  is  eooncmlcBlly 
worthwhile. 


I 
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i'. 

Takahashi,  Yoshihiko  (1973)  ij 

V 

"Cn  the  Efficient  Size  and  Oonoentration  of  ^ray  Drops  for  Stimulating  Warm  > 

aouds"  I 

WMViflM?  Scientific  Ocnferenoe  on  Weather  Modification:  61-80  | 

The  critical  size  at  vhich  cloud  droplets  begin  rapid  growth  by  mutual  | 

collision  due  to  turbulenoR  is  derived,  along  with  a set  of  differential  j] 

equations  for  the  transfer  of  water  from  small  to  large  drops  as  collisions 
occur.  The  applicability  of  the  above  to  cloud  seeding  is  oonsidezed,  and  an  || 

approxiinately  optimal  size  for  spray  drops  to  produce  dense  drizzle  is  derlvedL 


(29) 


Here  vte  have  an  evaluaticxi  of  the  prcbloos  involved  in  designing 
a cloui  seeding  aq)erijnent.  Prcblans  ^ven  ^aecial  oonslcleratlon 
the  large  midDer  of  unocntxolable  neteorological  variables  involved 
and  the  variabilil^  of  pte-seeded  clouds.  Historical  e9^ieriinBnts  which 
haMB  (and  sene  which  have  not)  had  good  designs  and  their  results  are 
discussed. 


1974 

74Z 

Ackernan,  Williaro  C.  and  Changon,  Stanley  A. , Jr.  (1974) 

"The  New  Weather  Modification  Law  for  Illinois" 

Bulletin  of  the  Anerican  MBteoroloqical  Society;  745-750 

This  article  is  a study  of  the  form  of  and  possible  effects  of  TiUnnia 
"pennisslve-ocntrol”  type  of  weather  nodifioaticn  law.  The  law  was  intended 
to  be  a 'VKxiel  law"  of  state  weather  modification  legislation.  The 
provisions  of  the  law  are  discussed  in  detail. 


74AA 

Charak,  Mason  T.  and  Didulianr  Mary  T.  (1974) 

"A  Review  of  Federal  Legislation  on  Weather  Modification" 

Bulletin  of  the  American  Meteorolocp.oal  Scxdety;  755-757 

A study  is  made  of  past  federal  legislation  dealing  with  weEdher 
modification,  and  possible  trends  are  xxsted.  Althou^  there  has  been 
little  such  legislation,  noxe  is  ea^pected  in  the  future,  and  these  new 
laws  and  e}^)ected  to  be  more  ocnpr^ienslve  than  current  laws. 


74BB 

DiQlulian,  Mary  T.  and  Charak,  Mason  T.  (1974) 

"Survey  of  State  Statutes  on  Weather  Modification" 
Bulletin  of  the  Anerican  Mebeoroloqioal  Society;  751-754 


(30) 


I 


All  U.S.  state  laws  dealing  with  weather  ncdification  in  effect  in 
1973  are  surveyed.  ^i□Bt  siich  state  laws  ocxxsem  the  establishment  of 
Weather  I'todificaticn  Ocnmissxonsr  operator  liscenoe  reguirenents,  and 
operator  financial  re^msibility  for  results  of  modification  activities. 
Bie  lofs  of  each  state  are  given  in  tabular  form. 


Changnon,  Staley  A,,  Jr.  (1975) 

"The  Paradox  of  Planned  Weather  Mndi 

ftiUetin  of  the  Anerican  Meteorological  Society:  27-37 


It  is  noted  tliat  between  1967  and 
modification  teohnology  oame  to  pass, 
delate  an  overcLLl  increase  in  federal 
modification  decreased.  This  deozeeuse 
and  the  use  of  weather  modification  by 
causes.  Fixture  oocuxrrenoes  that 
ncdification  are  discussed. 


1975,  major  advances  in  weather 
Despite  this  development  and 
svpport  for  R & D,  support  for  weather 
is  attributed  to  envizxnnental  oonoems 
the  military  in  S.E.  Asda,  among  other 
promote  or  retard  the  growth  of  weather 


ntoessler,  E.  G.  (1975) 

"Weather  Modification  - Seme  Pixposals  for  Action" 

aillfit.in  of  the  AnexAcan  Meteorological  Society;  676-678 

The  author  outlines  his  proposals  for  a rational  weather  mndi  fir-a^-inn 
program.  His  chief  proposads  are: 

1)  Establish  a National  Oenmission  on  Weather  Modification,  which 

will  "study  and  work  throu^  a occroon  sense  approaoh  to  federad.. . . regulation. " 

2)  Bring  the  D^tairtmait  of  Agidculture  into  weatiier  modification 
activities  associated  with  aigriculture  and 

3)  Actively  sippoi±  four  or  five  large  sound  field  programs  in 
weather  modification. 
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i^ijiisa,  Alexander  L.  (1976^ 

Ocxxinetxse  and  Nature  of  Hailstcnes  in  Kericho,  Kei^a" 

2nd  VM)  Scientific  Oonfeienoe  on  ffeather  Ilodification:  249-256 

A stuc^  of  historical  hail  data  collected  in  and  about  Kes^a 
was  carried  cut.  Meteorological  parameters  associated  with  hail 
oocwrrenoe  were  at(3h£isized,  with  the  goal  of  jn|>roving  hed.!  forecasting 
techniques.  The  author  stressed  the  inportanoe  of  understanding  the 
mechanisms  that  give  rise  to  hail  storms  before  hed.1  stppression  work 
begins. 


76B 

Anav,  A.  and  members  of  Hail  and  Thunderstomts  Group  of  lEA  - CNR,  Rone, 
Italy  (1976) 

"Research  Project  on  Anti-Hail  Experiments" 

2nd  V®©  Scientific  Oonferenoe  on  Weather  Modification:  237-239 

The  authors  criticize  various  hsdl  suppression  eoperiments  rwrHad 
out  throughout  Europe.  Some  are  criticized  on  theoretical  grounds  as 
ineffective  and  others  on  economic  grounds  as  inpractioEd..  An  Ed.temattive 
experiment  is  proposed  by  the  authors,  vdiich  they  claim  avoids  the  diffi- 
culties of  the  others. 


76C 

Atlas,  David  (1976) 

"The  Present  and  Future  of  Hail  Suppression" 

2nd  Vi©  Scientific  C3onferenae  on  Weather  Modification:  207-216 

A brief  history  of  hail  suppression  eoperiments  and  their  results 
is  given.  Reasons  are  given  for  inconclusive  results,  and  ptoblefns  for 
experiments  arising  fran  unocnsious  bias  are  discussed. 


76D 

Barge,  B.L.  and  Bergwall,  F.  (1976) 

"Fire  Scale  Structure  of  Chnvective  Stoons  Associated  with  Hail  Production' 


^ v»»f  V 


2nd  l»0  Sciie|Rti£le  qdtigetiBrtca  Jdii  waMWt«r  .il6dl£i«tlopt^^^^ 

-noa  orfj  ^ot  c‘00.  ,3at;.-^-;j  --^  o.  - sM)  ':i:lrt60x5inexa 

A die  dimensional  hail  category  modal  mbs  given,  and  its  ability  to 
eiaulate  the  hail  pcooeas  in  amulaiiiituB  clnuds  vas  dencnstcated.  Ckily 
naturally  ooouring  uiseeded  Claris  Mare  oonaidaied,  so  the  degree  to  whlA 
the  model  can  sinulate  modified  hall  mains  vnknoun. 


76E 


Bajdc,  L.  Dean  and, Hew,  ^ 

"A  the  BeHdar  Echo  Population  O^er  the  Western  Kansas  Hig^  Plains" 

2nd  no  Scientific  Oaifierenoe  aci  Weattier  Modification:  55-62 


Ihe  survey  ocnaisted  of  analyzing  meteorologicnl  data  gathered 
by  the  National  Weather  Service  fac  the  Mestern  half  of  Kansas,  Xpril 
throu^  Septenher,  1972  through  1974.  It  mbs  concluded  that  charac- 
teristics of  ocnvec±ive  echoes,  other  than  the  nuiber  of  echoes,  main 
ocnparable  from  year  to  year. 


76P 


31BahtetFlfcltg^  tlbr::J(1976XrtojJbiJ.;v:;:.,roj  x^/Ixh 

'A'  . - - -4 


"Modification  of  Clouds  and  Weather  by  a Large  Metropolitan  Area* 
2nd  no  Scientific  Ccnferenoe  on  Weather  Modification:  435-442 


The  St.  Louis,  Missouri  metropolitan  area  ma  chosen  for  a stu^ 
of  the  effects  of  a large  urban  - industrial  area  cn  Msather.  Urban  effects 
on  cloud  nuclei,  cloud  microstructure,  and  visibility  are  discussed.  The  urban 
heat  island  is  considered,  with  its  effect  on  hunidity,  wind,  and  doud 
formation.  Urban  effects  on  precdpitaticn  are  poorly  vnderstood,  and  various 
hypothoooB  as  to  these  effects  are  given. 
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Brier,  Glenn  and  Melteaen,  Gayle  T.  (1976) 


"The  Uae  of  Tkansformaticns  to  Minimiae  the  mfluenoe  of  Bctrese  Rainfall 
Values  in  Ooxrelation  Aialysie” 


2nd  VK)  Scientific  Oonferenoe  on  Weather  Modlfioation:  181-186 


Itdnfall  data  was  callacted  from  northeast  Oolorado  frcm  1959  through 
1968.  Random  aanples  were  chosen  from  this  data  for  conducting  a Monte  Carlo 
stuf^  of  txansfoamtions  of  data.  The  tranafogonations  studied  ware: 
y - (IM^,  p - 2,  1/2,  1/4,  V8,  1/16,  and  y - fnd-Mt). 

A slight  incaease  in,«OTsiltty,  appeals  with  the  tjransfoonation 

y » (14x)^.  All  other'  transformations  yield  results  oonparable  to  un-  r v 
transfarmad  data.  The  authors  attribute  this  to  riie  large  nuiber  of  zeros 
indudsd  in  the  rainfall  data. 


(33) 
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Dabirl,  A.E. , Nenaat,  Q, /'arid  Vlaiiurtxxi,  J.A.  (1976) 

’ . i i.'.  .y.  ..  I - 

"Design  Ocnsiderations  of  a Winter  Orographic  Cloud-Seeding  Program  - 
Alborz  Mountains,  Iran" 

2nd  V1<D  Scientific  Ocxiferenoe  on  Weather  Modification:  35-40 

The  design  of  a yet-toHse  executed  experiment  was  discussed  in  detail. 

The  expsrijnent  ma/  be  a two  target,  rai^dcni^  cco6S::QVer  design,  a choice  of 
two  areeis;  fc»r- target  oontrpl^  ar«>a  single  target  ar^  for  seedrno  seed  ran- 
dondzation.-  Adi^tag^s  of 'each  design  were  9^yep,^  , Response  varicd^les'  are  to 
include  precipitation  snount  and  duration."  Reuiar  arid  precipitation  gauges  will 
be  used  to  record  data.  Silver  iodide  from  ground  based  generators  will  be  used 
for  cloud,  seeding. 

76J 

Downie,  Currie  S.  and  Dirks,  Richcurd  A.  (1976) 

"Naticnfd  Science  Foundation  Weather  Modification  Program" 

2nd  WI'O  Scientific  Conference  on  Weather  ^kx3ification:  557-562 

tn  CNerviieiif  of  weather  modification  projects  supported  the  Rationed 
ScdLenoe  Foundation  is  given.  These  include: 

(!)  National  Hedl  Research  Experiment  - a randomized  seeding  e}periinent 
to  determine  the  potentied  for  nodifying  hail  and  rainfall  by  seeding. 

I (ii)  A stu^  on  li^tning  protection. 

[ (iii)  Attempts  to  better  describe  the  cheuracteristics  of  severe  thunderstorm 

[ gust  fronts  and  to  develcp  warning  systems  for  the  presence  of  wind  shear. 

[ (iv)  studies  of  the  effect  of  urbanization  and  industrialization  on  weather 

I and  climate  and 

(v)  A stud^  of  the  influence  of  widespread  irrigation  on  the  climate 
I of  the  Great  Plains. 

I Other  studies  are  mentioned  as  being  under  wsy  or  as  topics  for  which 

> investigation  exists. 


76K 

Eocles,  P.J.  (1976) 

"Ctnulative  Estimates  of  Hail  Mass  and  Kinetic  Eheigy  from  Dual- 
Wavelength  Radar  Measurement" 

2nd  WO  Scientific  Ocnferenoe  on  Weather  Modification:  273-280 

Ai  ejqpression  is  derived  by  means  of  which  it  is  possible  to  give 
precise  estimates  of  median  hail  diameter,  hail  mass,  and  hail  energy 
by  use  of  dual-wavelength  radar.  The  advantages  of  this  prooeduie 
over  grocnd  networks  and  damage  estimates  in  hail  svppresslcn  esqperi- 
ments  are  discussed. 


(34) 


Ekiglish,  Marianne  and  Wong,  Rasymcnd  K.W.  (1976) 

"Siicple  Nixnerical  Cloud  Models  as  Potential  Tools  in  Evalvating  Hail 
Si;(]{zesslGn  Techniques" 

2nd  V#K>  Scientific  Oonfexenoe  on  Weather  MbdlficSticn;  357-362 

...  -a,  ' -• 

A nwber^ofsiaodels  that'  predict  ntaxurnm  hail  size  fzon  easily 
cbservable  quantities  (such  as  tenperatuze  and  maxLnun  updraft  speed) 
are  discussed.  Hail  sizes  are  divided  into  categories  in  teims  of 
fend  liar  cbjects  - e.g.  shot«  pea,  grape,  etc.  Correlation  coefficients 
and  regression  lines  for  tiie  various  mod^  one  conputed.  The  corre- 
lations are  generally  hi^,  suggesting  that  these  models  can  find 
application  in  hail  suppression  espjeriments. 


76M 

Pederer,  Bruno  and  waldvogel,  Albert  (1976) 

"Hail  Grcwth  Zones  in  Different  Stonn  Types" 

2nd  WD  Scientific  Conference  on  Weather  Modification:  303-311 

A detailed  discussion  of  the  pities  of  hed.1  formation  is  given. 
The  pot^tial  significance  of  this  with  respect  to  hail  suppression  is 
oonsidered.  Exanples  of  hailstones  collected  from  qecific  storms  are 
given,  and  these  eu^e  ccnpeuced  with  the  theoretical  espected  type  of 
hail  fall. 


76M 

Fournier,  d'Albe  E.M.  (1976) 

"dimatic  Zones  Favorable  for  Cloud  Seeding  with  lygroeocpic  Nuclei" 

2nd  VM)  Scientific  Genferenoe  on  Weather  Modification:  3-6 

The  author  discusses  cloud  seeding  with  hygroscopic  nuclei  (salt 

particles  of  mass  betsMeen  10  ^ and  5.10”®g.) . criteria  fcr  aiitability 
of  climatic  zones  for  seeding  with  hygroscopic  nuclei  are  given. 
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£Vikuta,  N. , Plooster,  M.N.,  Annstxcjng,  J.A. , and  Butz,  J.  (1976) 

"C|)erational  Organic  Joe  Nuclei  Staoke  Generators” 

2nd  WtD  Scientific  Oonfezence  on  Weather  Modification:  511-519  ' • ' 

^vizcninent2d  hazards  of  Ag  I seeding  are  discussed.  Ihese  haz2a?ds 
are  piresuniably  absent  with  organic  ioe  nucleants,  such  as  l,5-dihydro8y” 
naphthalene,  nethaldehyde,  and  {hloroglticinol,  v^oh  are  biodegradable. 
Oonsidezation  is  given  to  the  cost  and  operation  of  organic  smoke  generators. 
Silver  iodide  and  1,5-dihydroo^naphthalene  ioe  nucleation  is  conpared,  the 
priinazy  differenoe  being  a shorter  fallout  time  for  the  Ag  I. 


76P 


Gray,  W.M.,  W.M.  Frank,  M.L.  Oarrin,  and  C.A.  Stokes  (1976) 

"Weather  Modification  by  Caihon  Dust  Absorption  of  Solar  Ehergy" 

2nd  WD  Scientific  Oonferenoe  on  Weather  ^]odification:  425-432 

About  60-80%  of  the  inooning  solar  energy  reaches  the  surface  of 
the  earth.  The  authors  discuss  the  possibility  of  increasing  the  amount 
of  energy  aheorbed  by  the  atmosphere  by  vp  to  15%  by  releasing  clouds  of 
tydrocarbon  particles  ("O.l  ym  in  size)  in  the  troposphere.  It  is 
hypothesized  that  this  procedure  would  enhance  rainfall,  reduce  hurricane 
intensity,  alter  extratropical  cyclones,  inhibit  frost,  and  accelerate 
sncw  melting.  Simulation  studies  are  recannended. 


Haas,  Siigene  J. , Changnon,  Stanley  A. , Davis,  Ray  J. , Farhar,  Barbara, 
and  Swanson,  Earl  (1976) 

"l^ipact  Assessment  of  Future  Hail  Sippression  Technologies  in  the  U.S." 

2nd  Scientific  Ocnference  on  Weather  Modification:  585-592 
This  paper  considers  such  matters  as: 

(1)  the  technology  of  hail  svppcessioti  - e.g.  seeding  procedures. 

(2)  Effects  of  hail  srppression  on  other  neteorologioal  phenomena, 
such  as  rainfall  and  surface  winds 

(3)  Legal  and  poUtical  considerations. 

(4)  ttether  or  not  inproved  hail  scppression  technology,  when  it  exists, 
will  be  adopted  and 

(5)  eocnonic  benefits  of  successful  hail  svfpression. 

It  is  noted  that  iitproved  hail  sippression  technologies  are  not 
particularly  attractive  economically  for  the  nation  as  a whole,  but  have 
considerable  merit  on  a local  scale. 


76R 


Held,  G.  and  Carte,  A.E.  (1976) 

"Variability  of  Hailstones" 

2nd  VtO  £lcienti£ic  Ocnfexenoe  cxi  Weather  Modificatioi:  241-248 

The  article  is  a stuc^  of  various  characteristics  of  hailstonns  and 
hailstones.  Data  collected  over  long  periods  of  time  axe  studied,  and 
characteristics  that  axe  relatively  stable  fxon  year  to  year.  Atoig  these 
stidale  characteristics  are  mean  duration  of  point  hail  falls  and  the 
distribution  of  the  largest  and  ocnmonest  hailstones.  Seme  other  charac- 
teristics studied  axe  extremely  variable. 


76S 

Henz,  Jcjhn  F. , Milv^,  Gerald  J. , and  Grant,  Lewis  O.  (1976) 

"The  Potential  for  Annual  Precipitation  Augmentation  of  the  Hi^  Plains  and 
Foothills  Areas" 

2nd  VMO  Scientific  Ocnfexence  on  Weather  Modification:  63-69 

The  authors  discussed  the  ccndltions,  both  seasonal  and  meteorological, 
under  which  weather  modification  procedures  have  the  most  effect  in 
eastern  Colorado.  Hourly  precipitation  data  from  a 16  year  period, 
was  analyzed.  The  conclusions  are  that  ^^ing  and  Svnmer 
are  the  most  favorable  seasons  for  weather  mo^fiation  pcooedures,  that 
vqp-slope  cloud  systems  are  best  for  winter  operations,  and  that  storm 
systems  offer  the  best  opportunities  in  ^sdng  and  Sumner. 


'i 
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Hindman,  Edward  E. , Tag,  Paul  M. , Silverman,  Bernard  A. , and  Hobbs,  Peter  V. 
(1976) 

"Calculations  of  the  Effects  on  Rainfall  Caused  CJoud  Condensation 
Nuclei  from  a Paper  Mill" 

2nd  WD  Scientific  Conference  on  Weather  Modification:  21-24 

The  effect  of  fron  paper  mills  in  western  Washington  state 

were  discussed.  A nmeirical  model  was  used  to  simulate  the  dynamic, 
thermodynamic,  and  ndcrophyslcal  prooesses  involved  in  the  formation  of 
rain  firm  curuIus  clouds.  This  model  was  used  to  calculate  the  effects 
on  rainfall  of  OCN  emitted  from  paper  mills. 

It  was  concluded  that  OCN  from  papexmills  cannot  account  for  rain 
showers  observed  downwixid  of  the  mills  in  the  Pacific  Nortiwest. 
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HcmbU,  Wallaoe  £.  (1976) 

"Cn  the  Use  of  HaiDcUnes  for  Estimating  Envixovnental  Effects  of  Pie- 
cipitaticn  Management" 

2nd  VfO  Scientific  Gcnference  on  Weather  Modification:  577-584 

Ons  method  of  assessing  the  overzill  effect  of  weather  modification 
is  to  select  an  area  (other  than  the  target  area)  vrfiich  is  generally 
similar  to  the  target  area  but  has  the  t^pe  of  climate  one  would  like  to 
induce  in  the  target  area.  An  area  of  this  sort  is  called  a hcmocline. 
Such  a hcnocline  is  the  best  way  to  stufy  long  term  effects  of  modified 
weather.  Tto  study  short  term  effectSr  it  is  better  to  use  historical  delta 
fron  the  target  area  itself,  collected  at  a time  in  which  the  type  of 
weather  one  wishes  to  induce  occurred  naturally. 


7ev 

Kachurin,  L.G.,  and  Kartsivadze,  A.I.  (1976) 

"On  Hail  Sifipression  Possibilities  at  the  Modem  Stage  of  the  Atmoqpherlc 
Prooesses  Mo^fication  Means  and  Dechnigues  Development” 

2nd  WO  Scientific  Oonferenoe  on  Weather  Modification:  223-228 

m this  paper,  various  seeding  schemes  for  hail  sifapcession  are 
discussed.  Idealized  plans  are  oonpared  with  real-life  cdramstanoes, 
in  which  perfect  conditions  do  not  prevail.  The  problems  of  sufficient 
rocket  lainching  rates  are  discussed. 


76W 

Kahan,  A.M. , Dodd,  C.J. , Howell,  W.E.,  and  Silverman,  B.A.  (1976) 

"Project  Hiplex  - Plans,  Progress,  and  Approach" 

2nd  ftO  Scientific  Oonferenoe  on  Weather  Modification:  27-34 

This  paper  was  a sunmary  of  the  goals  and  methods  of  project  Hiplex, 
a wearier  mo^fication  study  carried  out  by  the  Bureau  of  Baclanation. 
Bqphasis  was  placed  on  developing  of  ocnputer  models  for  the  forecasting 
of  eogierimantal  events  and  for  developing  seeding  hypotheses.  Data  in 
field  expodmants  was  gathered  by  radar  and  a sparse  netwodc  of  rain  gauges. 
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Kiss,  Alexandze-Cheurles  (1976) 

"Legal  Aq)ects  of  Vteather  ^kxii£ication" 

2nd  Vi'D  Scdentific  Ocnfexenoe  cn  Weather  Modification:  549-555 

legal  probleRiB  associated  vdth  iiteather  modification  axe  discussed. 
Topics  considered  include  whether  the  operator  or  the  person  who  ordexed 
the  operation  is  responsible  for  damages  arising  from  a weather  modification 
ppexaticn  and  establishing  that  the  weather  modification  procedure  was 
indeed  the  cause  of  the  damage.  The  particular  problem  of  damage  in  one 
nation  resulting  fxon  weather  modification  procedures  in  another  is  given 
fecial  consideration.  Cases  in  vdiidi  this  has  occurred  are  reported. 


76Y 

Klein,  D J^.  and  Giangiordano,  R.A.  (1976) 

"Evaluation  of  Potential  hipacts  of  Silver  Iodide  Nucleating  Agents  on 
itercbic  and  Anaerobic  Aquatic  Microbiological  Prooesses" 

2nd  VMO  Scientific  Oonferenoe  cn  Weather  Modification:  569-575 

EScperimental  Design:  The  stu^  was  conducted  to  detexndne  the  effects  of 
weather  modification  agents  on  Hyphotnicr^un  (a  type  of  bacteria)  growth 
initiation,  morphology,  and  metrarKSgmiesis.  Hyrhc^crcbim  was  used  ^ all 
studies.  The  cultures  (basic  mineral  salts  mediuri)  were  kept  at  SK33  C. 
Silver  ions  additions  wexe  made  in  distilled  water.  Bactexial  growth  was 
measured  by  a spectoric  20.  For  methanogenesis  studies,  the  cultures 
were  maintidned  in  mud  or  sewage  sludge  and  gassed  with  heliun  to  maintain 
anaerobic  conditions.  Aialyses  for  methane  production  wexe  oaxxied  out 
by  using  a aexograEh  1200  flame  ionization  gas  chrcmatigraph. 

conclusions:  Large  doses  of  silver  may  be  needed  to  cause  decreases  in 
methanogenesis,  an  inportant  anaerobic  process.  The  postulation  that 
silver  has  a greater  effect  cn  anaerabic  than  aerobic  prooesses  mc^ 
require  reconsideration. 


76Z 

¥nii^iit,  Charles,  and  Dye,  James  A.  (1976) 

"Seeding  'Gold  Gunulus*  with  Ice  Nuclei  to  Qnhanoe  Precipitation" 
2nd  KMO  Scientific  Oonferenoe  on  Weather  Modification:  77-83 


B 


fen  certain  ciinilus  seeding  projects  have 

felljdbeca^^  the  natural  mltlplioaticn  of  ioa  partlSS  within 
«»Beededldc^  It  vas  suggested  that  the  seeding  of  cuniU  to 

**  confined  to  clouds  ehere  drcps  > 25wm 
do  not  reach  a critical  concentration  tTAi^  -8  C,  *-  • 
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Nelson,  Locen  D.  (1976) 

"^^l^lerical  Slnulation  of  Natural  and  Saadod  Hail-Bearing  Clcuds" 

2nd  WD  Scientific  Oonfezenoe  on  Weather  Modifications  371-380 

The  miopcijhysioal  oold-cunulus  model  developed  by  the  of 

Neclanaat^  is  studied  in  detail.  The  consequences  of  this  model  for 
nan  suppression  axe  considered.  Possible  decreases  in  rainfen  as 
a result  of  hail  suppression  axe  discussed. 


76AE 

Nelson,  Stephan  P.  (1976) 

"Characteristics  of  ttilticell  and  Svcjexoell  Hailstoon  in  OklahOBe" 

2nd  »0  Scientific  Oonfexwwe  on  Weather  Modification:  335-340 

Hail  data  was  collected  over  a period  of  years  in  Oentral  nrijitirma 
* network  of  volmteers  who  observe  and  report  hail  fall. 
This  data  was  ocnpaxed  to  the  classification  of  the  storm  as  nulticell 
orswperoell.  it  was  established  at  the  5%  level  of  significance  that 
th^  ^ ® ^fierenoe  in  the  maximan  hailstone  size  and  maxinun  suath 
width  OT  Rultioell  and  si^Jeroell  storms.  Severe  weather  (other  than 
hail)  is  most  often  associated  with  siperoell  stoos. 
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Nickerson,  E.C.,  Chippell,  C.F.,  and  ^felgaziner,  E.L.  (1976) 

Effect  of  Seeding  on  the  pynandcs  of  Gold  Orographic  Clouds" 

2nd  VMO  Scdentific  Oonferenoe  on  Weather  Modifications  123-130 

Studies  of  the  behavior  of  cold  crogrzphic  clouds  with  and  without 
ice  micrcphysical  processes  were  carried  out,  ocnbining  the  mesoecale 
di^na^  model  of  Nickerson  and  Magaziier  (1976)  with  the  cold  cloud 
nucrop^sical  model  of  Ceqppell  and  Shiith  (1976) . Ihe  <x?rsf*q»*»n<Tp«  of  in- 
Cloud  xoe"*ocnoen^atxon  and  vertical  motion  fields  for  waather  wmfii 
d^sriments  2u:e  discussed. 
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m tills  paper,  both  the  iirpcrtanoe  of  understanding  airflow  pattems 
vdthln  stonns  and  the  current  lack  bf  kjxiwledge  are  discussed,  tiodels  for 
alrflxM  patterns  esid  their  ocnseguences  fron  the  viewpoint  of  weather 
modification  are  given.  It  is  ocnjectured,  based  on  these  ncdels,  that 
most  effective^wey  to  seed  coculus  clouds  is  to  seed  the  rising  t^  at 
the  -13  to  -17  C level. 

76Mi 

list,  Roland  (1976) 

"Cbjectives  and  Status  of  the  1«£)  Precdpitaticn  Enhanoenent  Project" 

2nd  Vlf)  Scientific  Oaif^?ence  on  Vieather  Modification:  445-456 

The  goals  of  the  WO  Predpitaticn  Ehhanoenent  I^x^ect  suse  stated  and 
discussed.  The  major  goals  are,  in  part: 

(1)  To  plan  and  carry  out  scientifically  controlled  precipitation 
enhancement  experiments, 

(2)  To  demonstrate  at  a statistically  significant  level  that  any 
increase  in  precipitation  is  not  a chance  event,  but  associated 
vdth  the  seeding, 

(3)  TO  increase  understanding  of  cloud  pliysics, 

(4)  To  obtain  well-docunented  evidenoe  that  may  lead  to  optimization 
of  the  effects  of  seeding  and 

(5)  To  dioocndnate  procedures  on  h<vto  set  vp,  execute,  ano  evaluate 
weather  modification  esperiments. 


76iAB 

Modvedev,  G.A.  (1976) 

"Experimental  investigation  of  Cb  evolution  in  Oonformity  to  the  Seeding 
Problem" 

2nd  WO  Scientific  CXxiferenoe  on  Neather  Modification:  321-328 

This  paper  discusses  the  estimation  of  outer  wind  influence  on 
radar  echo  axis  of  individual  Cb.  Estimation  of  certain  metearological 
parameters  is  considered,  and  their  application  to  hail  sipptesslcn  is 
mentioned. 


76AC 

Mossop,  S.C.  (1976) 

"Failure  of  Cloud-Seeding  Projects  caused  by  National  Ice  Crystal 
•MiltipUoation’" 

2nd  WO  Scientific  Oonference  on  Neather  Modification:  71-76 
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NMez,  JM.,  Saluzzi,  M.E.,  and  Ceinado,  O.A.  (1976) 

"Dlffiesenoes  in  Bdian/ico:  of  Lacge  Ocnwactlve  Leeward  of  the 

Aides  Mountains  at  34  South” 

2nd  no  Scientific  Gcnferenoe  on  Heather  Modification:  312-320 

Ihe  paper  is  a consideration  of  ways  to  distinguish  whether  or  not 
a given  cloud  will  be  a hail  producer.  Factors  considered  include 
reflectivity  value  of  a radar  echo,  radio  echo  thickness,  air  tenperature 
at  tqp  level,  and  radio  echo  maxInMn  altitude.  Although  f between 
the  paraneters  associated  with  hail  and  non-hail  clouds  appear,  the  differenoes 
are  not  canclusive  and  do  not  allow  an  excluding  typification.  iW  cooExe- 
lation  between  hail^io  hail  and  cloud  paraoeters  is  ht^,  so  a proba- 
bilistic prediction  is  possible. 


76MI 

Partngo,  F.P. , Patten,  B.T.  and  Pueschel,  R.F.  (1976) 

"Ag  I loe  Nuclei:  Iheir  Properties  and  Effectiveness” 

2nd  IMO  Scientific  Gcnferenoe  on  Weather  Mcxlification:  505-512 

The  environnental  effects  of  releasing  large  quantities  of  Ag  I into 
the  atmosphere  are  unknown.  This  paper  considers  the  possibility  of  effective 
seeding  using  less  Ag  I.  It  is  found  that  microscopic  particles  of  8^02, 

enoapmlated  with  Ag  I,  are  suitable  for  sihlimation  nucleation,  while 
economizing  the  oonsunption  of  Ag  I.  The  mixing  of  Ag  I with  such 
hygroscopic  salts  as  R Z,  Na  I,  and  NH.  I substantially  decreases  the  ice- 
nucleaticn  abilities  of  Ag  I.  * 


76AI 

Reid,  John  D.,  Grant,  Lewis  0.,  Pielke,  Roger  A.,  and  Mshrer,  Yetzaq  (1976) 

”Cboorvations  and  Numerical  Modeling  of  Seeding  Agent  Delivery  From 
Qrauid  Based  Generators  to  Orographic  CloudBase” 

2nd  fiO  Scientific  Gcnferenoe  on  Weather  Modification:  521-527 

This  paper  sunmarizes  the  results  of  field  studies  and  mioerical 
models  of  delivery  of  seeding  agent  to  cloud  base,  conducted  to  increase 
maderstanding  of  the  first  stage  of  modification  process.  These  studies 
oonfizm  that  the  seeding  agent  can  readi  the  cloud  base  in  effective  con- 
oentration.  The  presence  of  a orographic  cloud  inhibiting  radlatively 

the  formation  of  strong  surface  based  inversions  appears  to  be  iaportant  I 

in  permitting  the  transport  out  of  lowest  layers.  I 
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Iteynolds,  David  W.  and  Matthews,  David  A.  (1976) 

"Real  Time  Satellite  Si^fxirt  for  the  Hi^  Plains  Oo-cperative  Ebcperiment" 
2nd  VMD  Scientific  Gcnfeienoe  on  Vteather  Modification:  497-504 

Tlie  papers  purpose  is  to  show  how  satellite  ijtagexy  may  be  used  to 
support  a ajEmertine  weather  nodification  project.  Ihe  Hic^  Plains 
Cooperative  EToject  was  choeen  for  stu^.  Satellite  data  was  used  to 
provide  infonnaticn  about  the  type  of  oonvective  triggering  nBch2Biifln8 
and  in  describing  the  wide  aunea  oonvective,  mesoscale,  and  synoptic 
interactions.  Satellite  inagery  was  used  to  provide  real-tine  infomation 
regarding  extent  of  clouds,  rate  of  develcpnent,  novenent,  and  nesocale 
organization. 


76AK 

Reynolds,  David  W.,  Vonder  Haar,  Thonas  H. , and  Grant,  lewis  0.  (1976) 

"Overview  of  Satellite  Support  to  Weather  Modification" 

2nd  VMD  Scientific  Conference  on  Weather  Modification:  483-489 

TSiis  paper  consists  of  a brief  discussion  of  the  history  of  the  use 
of  satellites  in  the  gathering  of  meteorologicad  data,  with  enphasls  on  the 
^plication  of  satellites  to  weather  nodification  procedures,  and  a look 
at  possible  supporting  capabilities  that  are  available  from  satellites.  These 
possible  sipport  capabilities  include: 

(1)  monitoring  and  growth  to  estimate  the  rate  of  cloud  growth, 

(2)  satellite  verticsal  tenperature  soundings, 

(3)  clcxjd-top  tenperature  measurements  in  the  IR  to  estimate  cloud 
intensity  and 

(4)  determining  the  relative  distribution  of  ic£  and  liquid  water  in 
clouds. 


76AL 

Sauvalle,  E.  (1976) 

"Cperational  Fog  Dispersal  Systens  at  Orly  and  Charles  de  Gaulle  Airports 
Using  the  TUrboclair  Process" 

2nd  WD  Scientific  Conference  on  Weather  Modification:  397-404 

The  Turboclalr  process  is  a fog  di^sersal  process  in  which  hot 
gases  are  released  above  a ruMoy  to  raise  the  tenperature  and  vaporize 
the  suqiended  water  droplets.  The  paper  is  a sunmary  of  results  achieved 
by  using  this  method  at  Paris  airports. 
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SartDT,  J.D.  and  Cannon,  T.W.  (1976) 

"Sinulaticn  of  the  Gxxx^th  of  Hail  froa  Observed  Cloud  and  Qwixtnnental 
Characteristics" 

2nd  WO  Scientific  Conference  on  Weather  Modification:  363-370 

A mathenatically  txactab^  nodel  of  convec^on  patterns  within 
stosn  clouds  is  deysloped,  ih.  v^ch  circulation  is  fonnulated  analytically 
^ kinanatioally  from  the  type  of  convective  cells  that  develop  noxnally 
in  a dynandc  two-dimensional  model  of  convection  with  randomly  distributed 
therm^  sources.  The  model  predicts  hailstone  size,  and  pr^cted  hailstone 
size  is  ocnpared  with  observed  hailstone  size  from  several  stoxms. 


76AN 

Scheetz,  Vincent  R.  and  Grant,  Lewis  0.  (1976) 

"Satellite  Cbservations  of  Seedable  Upslope  doud  Systens" 

2nd  W©  Scientific  Conference  on  Weather  Modification:  491-496 

^ purpose  of  ti^  stu^  was  to  investigate  the  potential  for 
aupooenting  precipitation  by  staining  tpelope  cloud  systems  as  viewed  by 
satellite.  NQAA  polar  orbiter  IR  data  were  used  to  determine  the  extent 
of  the  cloud  and  cloud  top  tenperatuze  for  twelve  d^  with  i^lope  clouds. 
Asviswing  of  precipitation  for  the  case  stu^  days  supported  the  oon- 
that  wanner  clouds  6u?b  inefficient  producers  of  precipit2ition. 


76AO 

Scott,  Bryan  C.  and  Hobbe,  Peter  V.  (1976) 

"A  Theoretical  Stud^  of  Sane  Effects  of  Artificial  Seeding  on  Mixed 
Hiaae  CoauluB  Clouds" 

2nd  WO  Scientific  Conference  on  Weather  Modification:  117-122 

A 1-D  time  d^iendent  cumulus  model  involving  detailed  microphysice 
was  used  to  investigate  effects  of  cloud  seeding  on  maritime  and 
continental  curulus  clouds.  Effects  of  seeding  at  cloud  top  and  seeding 
in  oolunnar  grcwth  region  are  examined  in  both  maritime  and  continental 
clouds. 


76AP 

SkoLth,  E.J.  and  D.E.  Shaw  (1976) 

"Some  Aqjects  of  the  Assessment  of  a Site  for  a Cloud-Seeding  Qq^eriment" 
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2ad  Hf)  Scientific  Oonfexenoe  cn  Vteatlier  Modification:  165-172  j 

Criteria  for  cteosing  a site  for  a cload  seeding  eoqperinent  are  i 

given,  based  on  duration  of  e9q)exijient8,  concentration  of  rain  ^uges,  | 

and  availability  of  meteorological  covariates.  Simulated  experinents  j 

v«ere  carried  cut,  based  on  historical  data.  j 

The  chance  of  detecting  a change  in  rainfall  increases  vath  the  j 

magnitude  of  the  change,  experimented  duration,  end  with  the  nunber  of 

gauges.  It  decreases  td.th  the  leng^  of  the  randomized  seeding  period.  \ 


76*Q  ^ 

Tag,  Paul  M.  (1976) 

"Clearing  Fog  1:^  Seeding  with  Charged  Water  Drops:  a Numerical  Stui^" 

2nd  VMO  Scientific  Conference  on  Weather  Modification:  405-412 

The  potential  uses  of  seeding  with  cheuged  water  drops  are  discussed. 
This  method  of  seeding  is  oonpared  with  hygrosocpic  seeding.  It  is  shcMn 
that  an  electric  field  improves  visibility  by  droplet  fallout  from  spectral 
widening.  There  is  no  consideration  given  to  the  feasibility  of  electrical 
needing,  only  its  effectiveness. 


76AR 

Vardiman,  L. , Moore,  J.A.,  and  Elliot,  R.O.  (1976) 

"Generalized  Seedability  Criteria  far  Winter  Orographic  Clouds" 


The  authors  conducted  a post-hoc  analysis  of  seven  randomized  winter 
orograthic  seeding  projects  and  attenpted  to  develop  genera  li  zed  seedability 
criteria  that  could  be  applied  for  varying  meteorological  and  topographic 
conditions.  Relationships  between  meteorological  and  topographical 
pazaDeters  are  sought. 


76AS 

Vento,  Deminloo  and  Morgan,  Griffith  (1976) 

"Statistical  Evaluation  of  Energy  Imported  to  Hall  by  Wind  in  Europe 
and  Uiited  States" 

2nd  ftO  Scientific  Oonferenoe  on  Weather  Modification:  281-286 

Data  gathered  by  high  density  netwoihs  throughout  Western  Europe 
and  the  Chlted  States  were  considered.  Danege  potential  of  hail  and  its 
enhancement  by  wind  were  discussed.  The  kin^c  energy  of  hailfall 
due  to  wind  was  found  to  be  of  a highly  variable  nature. 
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Weinstein,  Alan  I.  and  Kuhksel,  Bnice  (1976) 

"Ft)g  Diqpersal  - tgi  Opexaticnal  Weather  Modification  Dedinology  Today" 

2nd  Vi'C  Scientific  Ocnferenoe  on  Weather  Modification:  381-388 

liiis  p^)er  is  a discussion  of  the  cz^>abilities  and  limitations  of 
various  types  of  fog  dispersal  techniques.  Differing  fog  types  - and 
the  effectiveness  of  dispersal  techniques  on  each  type  - are  discussed. 
Thermal  fog  dispersal,  hygroscopic  material  seeding,  and  helicopter 
dowoMash  mixing  are  discussed,  along  vdth  unpfroven  methods  such  as 
electrostatic  methods  and  ocnpressed  aix  for  si;pero(X>led  fog  dispersal. 


1977 
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it  Atlas,  David,  (1977) 

1 '■>■■■ 

"The  Paradox  of  Hail  Suppression" 

Science,  195,  pp.  139-145 

The  author  discusses  reports  of  suooessftil  hadl  svppression  and  edso 
reports  of  negative  effects.  He  also  discusses  vdiy  it  is  so  difficult  to 
arrive  at  oonclusive  and  oonsistent  results. 

Topics  covered  iiK:lude: 

1.  Hail  Suppression  Oonoqpts. 

2.  Sene  Hail  Suppression  Results. 

3.  Some  Physical  Reasons  for  Increased  Hail. 

' 4 Sane  Implications  for  the  Future  of  Hall  Suppression. 

5.  A First  approach  to  Physical  Stratification 

m his  sumnary  he  notes  that  there  is  a tendency  to  attribute  both 
positive  and  negative  results  of  hail  suppression  programs  to  differences  in 
seeding  methodology  and  rate.  However,  he  notes  that  both  positive  and 
negative  results  have  been  found  in  a variety  of  seeding  methods. 

Furthexmore,  he  observes  that  without  rational  physical  stratification  of 
the  data,  a randendzed  statistical  esperiment  may  be  statistically  inconclusive 
because  of  the  balancing  positive  and  negative  effect  and  vdthout  such  strati- 
fication, we  vfill  probably  be  unable  to  inprove  our  seeding  methodology. 

Finidly,  to  enhance  the  chances  of  success  of  a statistical  experiment. 
Atlas  proposes  a scheme  of  stratification  between  the  conditions  leading  to 
increaWd  or  decreased  hall.  Also  he  notes  that  the  strength  of  a statistical 
experiment  would  be  enhanced  and  its  duration  reduced  by  the  use  of  a strong 
oevariate;^  dynamic  hail  potential  is  one  of  the  most  lUcely  candidates. 
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Neyman,  Jeriy  (1977) 

"A  Statistici2Di's  View  on  Neather  Mcx3i£ication  technology" 

Statlstioal  laboratory.  University  of  California,  Berkeley, 

California 

It  is  concluded  that  cloud  seeding  is  not  at  present  a reliable 
means  of  relieving  drouc^  oonditicns.  However,  evidence  is  given  that 
cloud  seeding  does  affect  pcedpitation,  sonetiines  positively  and  others 
negatively,  for  great  distances  frcm  the  seeding  site. 

Prcblems  associated  with  the  design  and  analysis  of  weather  modifi- 
cation ej^teriments  are  discussed,  such  as  unoonsious  bias  on  the  part  of 
the  ea^ieriinenter.  Exanples  of  inocnsistences  on  the  part  of  official 
souroes  are  given. 

A mechciniam  which  could  account  for  losses  of  precipitation  following 
suaner  cxnulus  seeding  is  proposed. 


(The  first  tuo  digits  refer  to  the  yectr  of  publication.) 
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TWO  saqple  using  ocntrol:  7218,  7631,  7630,  7628,  7627,  7625,  7624,  7620, 
7619,  7618,  7616,  7614,  7613,  7610,  769,  767,  765,  763,  762,  771 

TVro  sanple  using  historical  records:  6813,  7622,  7621 
Seeding  i^gtantt 

Dry  ioe;  761 

Gasoline  engines/industrial  poUuticn:  7629 
Lead  aerosols : 7624 

Silver  iodide;  6813,  7218,  7631,  7630,  7627,  7623,  7622,  7621,  7620,  7619 
7616,  768,  767,  766,  765,  763,  762,  771 

Sodiwi  chloride:  7618,  7614,  769 

Water:  7629 

Not  specified;  7628,  7625,  7613,  7611,  7610 
Regxnse  Variables; 

Hzdl  indicators:  7624 

Particle  counters,  spectrophotcneters:  7630  , 7619  , 7618  , 767  , 761 
Radar-cloud  census:  7218 

Radai>iain£all,  hail,  mow:  7631,  7630,  7629,  7621,  7611,  7610,  766,  763, 
761,  771 

Radiosonde:  7616 

Rain  gauges:  7631,  7627,  7616,  7614,  7613,  7610,  769,  768,  765 
Show  measurenent:  6813,  7625 
Stream  flows,  reservoir  nnoff:  6813 

Visual  photografihs,  photogxasmetxy,  crop  damage:  7629  , 7628  , 7622  , 7621, 
7611,  766,  762 

Statistical  Techiiques: 

Analysis  of  covariance:  7631,  771 
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Analysis  of  variance:  7614 
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X test:  7619 
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Oocxelatlcn:  7614,  7613 
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F-test:  7631,  7630,  7619 

I 7624  , 7622,76X9 

I Rank  sun  test:  7631,  7628,  7624,  7622,  7616,  7613,  7610,  765,  762 

[ Regression:  7113  , 7625  , 761 

Sign  test:  7622 

Squared  rank  sun  test:  7616,  762 
t-test:  7631,  7630,  7619 
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